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POLONIUM-210 IN TOBACCO PRODUCTS AND HUMAN TISSUES 


E. S. Ferri and E. J. Baratta‘ 


Using a “smoking machine,” tobacco smoke was collected. It was 
found that polonium-210 concentrations in the tobacco smoke accounted 
for about 11 to 30 percent of that found in the total product, depending 
on the type of filter used. Analyses of human tissues indicated that 
the lung, blood, and liver, in that order, of smokers contained more 
polonium-210 than the corresponding organs of nonsmokers. 


The possibility that polonium—210 in tobacco 
may be implicated in the origin of lung cancer 
prompted studies on the levels of this and re- 
lated radionuclides in several brands of cig- 
arettes (1,2). To determine whether the polo- 
nium—210 was present independently or in equi- 
librium with its precursors, radium—226 and 
lead—210 levels were also measured. In addi- 
tion, selected samples of human organs from 
smokers and nonsmokers were measured for 
polonium-210 concentrations to determine 
whether a difference could be detected due to 
smoking. 


Products investigated 


Various major tobacco product types chosen 
for the study included nonfiltered cigarettes, 
filtered cigarettes, and cigarettes containing 
tobacco treated for removal of tars and nico- 
tine. Although normally considered a lesser 
health hazard to the lungs, cigars and pipe 
tobacco were also assayed for purposes of 
comparison. 





1 Mrs. Ferri is the assistant director, and Mr. Baratta 
is the director of Analytical Services, Northeastern 
Radiological Health Laboratory, Division of Radiologi- 
cal Health, Public Health Service, Winchester Massa- 
chusetts 01890. 
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Methodology of analysis 


“Classical” separations were performed on 
tobacco ashed at 450°C. for the analysis of ra- 
dium-—226 and lead-—210. Radium-—226 was de- 
termined by emanation, collection, and count- 
ing the gaseous daughter, radon-—222(3). 
Lead-210 was isolated using an anion exchange 
resin, precipitated as a chromate, and the in- 
grown daughter, bismuth-210, counted. Lead- 
210 was also determined by collecting the 
bismuth-210 on an anion resin, eluting, pre- 
cipitating as an oxychloride, and counting. 
Purity of recovery is ascertained by decay ob- 
servations. 

Because polonium—210 is volatile at dry ash- 
ing temperatures, samples were wet ashed with 
nitric and perchloric acids, The resulting solu- 
tion was made 0.5N in hydrochloric acid, and 
the polonium—210 was spontaneously deposited 
on a silver disk (4). Purity and activity were 
observed on an alpha spectrometer. 

All samples analyzed for polonium-210 were 
electroplated on silver disks from a hydro- 
chloric acid solution. To evaluate the plating 
efficiency, a known amount of polonium-210 
tracer was added to previously depleted sam- 
ples. An average of 96.9 +3.6 percent plating 
efficiency was obtained. The recoveries from 
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the various media demonstrated that there was 
no significant loss of polonium—210 during the 
plating process. 


Results of analysis 


Table 1 illustrates that the parent radium- 
226 is not in equilibrium with its daughters, 
lead-210, bismuth—210, and polonium-210. The 
high lead-to-radium ratios indicate that lead— 
210 independently reaches the plant via direct 
uptake from the soil and/or deposition from 
the precursor radon—222 in the air. The deriva- 
tion of the lead—210, and consequently polo- 
nium-210, is uncertain. Marsden (5), using 
autoradiographic techniques to measure sur- 
face activities of tobacco leaves, has stated that 
polonium from fallout is minor compared to 
uptake from the soil through roots. Gregory 
(6) suggested that in insular or coastal grow- 
ing areas the natural radon emanating from 
the soil was dispersed, resulting in lower con- 
centration in that region. 


Table 1. Radionuclides in tobacco products 
(cigarette, cigar, pipe tobacco) 





Type | Radium- | Lead-210 | Polonium-| Lead-210 
226 210 radium-226 


Cigarettes, pCi cigarette 


De tcdadssces i 0.15 0.44 0.43 2.9 
ie Cc dha bs nube ‘ 0.15 0.42 0.37 2.8 
Filter 
Cellulose ciate del 0.17 0.33 0.32 1.9 
Cellulose and 
charcoal... -.-.--.-- 0.12 0.49 0.48 4.1 
Cellulose, charcoal 
iniins pee oo 0.11 0.33 0.34 3.0 
Cellulose, pipe 
tobacco.........- 0.11 0.35 0.34 3.2 
Cigars. pCi cigar | 
54", 7.8 grams. __-_.--| 0.74 3.55 3.60 4.0 
Pipe tobacco, pCi/g | 
Regular cut_...._..._- 0.10 0.41 0.20 4.3 


The values for radium-226 and polonium— 
210 agree with those reported by Tso, Hallden, 
and Alexander, for various domestic tobaccos 
(7). All cigarettes and cigars show lead-210 
and polonium-210 to be in equilibrium. This is 
probably the result of the approximate 2-year 
“aging” time employed in processing tobacco 
for cigars and cigarettes. The sample of pipe 
tobacco showed only about 50 percent equilib- 
rium. This indicates the possibility that the 
brand chosen had been “cured” and “aged” a 
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minimum length of time, and had been on the 
vendor’s shelf for a short time. 


Smoking machine 


Of primary interest as a health hazard from 
smoking are those nuclides which are volatile 
at the temperature of burning tobacco. Before 
this hazard can be assessed, it is necessary to 
determine the levels of activity in the smoke, 
and thus inhaled and/or deposited in the mouth, 
bronchial tract, and lungs of the smoker. 

To collect the smoke as normally inhaled, a 
smoking apparatus (shown schematically in 
figure 1) which simulates smoking, was devised 
and tested. The polonium—210 which has vola- 
tilized, and the nicotine and tars, are collected 
on two filters (glass wool, and 0.45, Millipore) 
followed by a hydrochloric acid trap. To 
simulate puffing, the system is connected to 
a vacuum line and airflow is regulated by flow- 
meter, vacuum gauge, electronic timer, and 
solenoid valve. The smoking rate was set at 
10 puffs per cigarette, with each puff of 3 
seconds duration, and 26-second intervals be- 
tween puffs. The average smoke flow rate was 
18 ml/second (at standard conditions of tem- 
perature and pressure). Sidestream smoke is 
collected by placing a bottle over the burning 
cigarette, and a filter, connected to a vacuum 
line, is attached to the bottle. Thus, when 
smoke is not being drawn through the cigarette, 
it collects on the filter in the flask. 

A comparison was made between the butts 
and ashes obtained from filters, nonfilters, and 
treated-tobacco cigarettes smoked by the ma- 
chine and by three individuals (table 2). The 
comparison indicates that the smoking machine 
is a good approximation of actual smoking and 
can be used to determine the distribution of 
radionuclides between cigarette smoke and 
residue. 


Table 2. Percentage polonium-210 in cigarette butts, ashes, 
and filters from smokers versus smoking machine 


Percent polonium-210 





Type of cigarette | 
Smokers 








Smoking 

machine 
PIR toed t noi cs aobinnsaciconwewons *4847 | *47+8 
Filtered, including filter_..................-- } 50+8 5349 
Treated, including filter 








* Counting error is 2 standard deviations, expressed as percent. 
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Figure 1. Flow diagram of the smoking machine 


Polonium-—210 in cigarette smoke and residue 


With the smoking machine, material balances 
for polonium-210 were obtained on four major 
brands of filtered and nonfiltered cigarettes. 
The unsmoked cigarette was analyzed for polo- 
nium-210. The smoked cigarette was analyzed 
for polonium-210 in the (a) smoke inhaled, 
(b) sidestream smoke (smoke not inhaled), 
(c) unsmoked tobacco and ash, and (d) filter. 
Each analysis was performed on smoke and 
residue from one package, or 20 cigarettes. To 
normalize the data for varying quantities of 
tobacco in each cigarette, the results are given 
in picocuries per gram of tobacco (table 3). 
No attempt was made to determine the polo- 
nium-210 expired in the exhaled smoke or 
reaching the mouth or lungs via the inhaled 
smoke. 

All brands tested showed approximately the 
same activity per gram in the total cigarette. 
However, quite diverse activities were evi- 
denced in the inhaled smoke portion. With the 
exception of a filtered cigarette containing pipe 
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Table 3. Polonium-210 material balance, pCi/g tobacco * 





Polonium-210 concentration, pCi/g 











Filter type 
Sample ae 
Non- 
filter Cellulose, | Cellulose, 
Cellulose | charcoal, ipe 
treated tobacco 
Total cigarette. .........- 0.411 0.403 0.410 | 0.357 





Inhaled smoke... .......-- 0.091 0.061 0.045 0.109 
(22°2%)| (15.1%)| (11.0%)| (30.7%) 
‘ 0.133 0.168 0.116 
(24.5%)| (32.9%)| (40.8%)| (32.4%) 
0.191 0.18 b 0.206 0.115 
(46:7%)| (38.8%)| (50.3%)| (32.2%) 
= 0.055 0.031 
(13.7%) | (8.8%) 


Material balance, % °...- - 93.445.4 100.5 +5.2/102.1 46.3 104.145.2 


Sidestream smoke - - - - - - - 


sc 


a 

















* Numbers in parentheses are percentages of polonium-210 relative to 
that of original product. 

> Includes filter. 

¢ Total error term is one standard deviation. 


tobacco as a filler, the filtered cigarettes con- 
tained 33 to 50 percent less in the inhaled 
smoke than did nonfiltered cigarettes. The 
ratio of sidestream to mainstream smoke in 
the nonfiltered brands appears to be close to 
unity, whereas the filtered brands demonstrate 
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ratios of 2.1 to 3.7. Again the pipe tobacco 
filler exhibits activities close to a nonfiltered 
cigarette. Distribution of the polonium in 
the various residues of nonfiltered cigarettes 
agrees well with the findings of Rajewsky and 
Stahlhofen (8). It would therefore appear 
that different filtering mechanisms, whether of 
artificial material or of the tobacco itself, and 
possibly the cut, are contributing to the varia- 
tion in activities found in inhaled smoke. 


Polonium-—210 in human organs 


To determine if polonium-—210 from smoking 
concentrates in various organs of the human 
body, specimens of soft tissue and bone of 
smokers and nonsmokers were analyzed and 
compared (table 4). Samples were obtained 
through autopsies at local hospitals, and smok- 
ing histories were available. Soft tissue chosen 
for the study were lung, liver, kidney, heart, and 
psoas muscle. Blood drained from the heart was 
used for fluid tissue, and spine for the skeletal 
tissue. The age of the smokers ranged from 
36 to 80 years; of nonsmokers from 47 to 76. 
Smokers, as referred to in table 4, were com- 
posed of those people smoking one to three 


Table 4. Polonium-210 in human organs 





Concentration, pCi/100 g wet tissue 





Tissue | | 
Smoker Nonsmoker | Smoker/ 
| i nonsmoker 
Lung. eee s *0.65+4.12> (14) 0.314.05 (7) 2.10+.51 
SN win chirs wens | 1,254.25 (12) | 1.0834.18 (10) | 1.214.32 
eee 0.794.115 (12) | 0.804.19 (10) | 0.99 + .30 
Muscle (psoas) 0.08+.025 (4) | 0.084.025 (4) 1.00+.45 
ce ome 6 canhd 19+.07 (6) 0,134.04 (5) 1.46+.63 
a (spine).... | 3.16+4.76 (6) 3.05+.38 (6) 1.04+.28 
a, SETI --| 0.244.07 (12) | 0.26+.07 (10) | 0,924.36 








* Figures in parentheses are number of samples analyzed. 
> Total error term is one standard deviation. 
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packs of cigarettes per day for 22 to 40 years, 
and 10 cigars per day for 10 years. 

Our tests indicate the lung, blood, and liver 
of smokers, in that order, contain more polo- 
nium-210 than the corresponding organs of 
nonsmokers. The polonium-210 in the kidney, 
heart, muscle (psoas), and bone (spine), ap- 
pears to be about the same level in smokers 
and nonsmokers. Measured activities and ra- 
tios of the lungs of smokers and nonsmokers 
are comparable to values obtained by Rajewsky 
and Stahlhofen (8). 
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MAINE’S EXPERIENCE WITH A STATE-OPERATED PERSONNEL 
MONITORING PROGRAM FOR RADIATION WORKERS 


J. W. Fuller’ 


In a 10-year program of monitoring exposures of radiation workers, 
Maine’s Department of Health and Welfare found increasing acceptance 
of its free film badge services. Results of findings are outlined. Review 
of film badge exposure records during examination of over 5,000 film 
badges in 1965 indicated that exposure of the great majority of individ- 
uals was relatively low. Periodic radiological health surveys of installa- 
tions using independent film badge services indicated that no exposures 
to individual workers exceeded 100 milliroentgens per week. 


Maine’s Department of Health and Welfare 
has operated a statewide film badge program 
for personnel monitoring of radiation workers 
since 1956. Although the State of Illinois in 
recent years has had a central file on radiation 
exposures among radiation workers, and some 
States have provided film badges on a limited 
scale during certain phases of their radiologi- 
cal health programs, Maine is the only State, 
so far as is known, that provides the film 
badges as well as a central file of the exposure 
findings on a continuing basis.” 

Maine, whose current population is approxi- 
mately one million, initiated this program for 
the following reasons: 

1. Only one hospital and one industrial firm 
utilized personnel monitoring for radiation 
workers in 1954. 





1 Mr. Fuller is chief of the Occupational and Radio- 
logical Health Sections, Division of Sanitary Engineer- 
ing, State of Maine, Department of Health and Wel- 
fare, Augusta, Maine 04330. 

* Additional information about the State’s film badge 
program, or other aspects of the radiological health 
program, is available by writing to the Department of 
Health and Welfare, Division of Sanitary Engineering, 
State House, Augusta, Maine 04330. 
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2. Preliminary surveys had revealed several 
examples of inadequate shielding and poor op- 
erating procedures among radiation users in 
the State. 

38. Some dentists and veterinarians showed 
evidence of radiation injuries. It was felt that 
many other radiation personnel may have been 
overexposed to radiation as well, although signs 
of injury were not overt. 

4. It was believed that a film badge service 
would provide a record of radiation exposures 
which would be useful in workmen’s compen- 
sation cases where claims of radiation injury 
might be contested. 

5. It was believed that a film badge service 
would develop an awareness of the potential 
hazards of radiation, would promote interest 
in radiation protection for both X-ray person- 
nel and patients, and would make the intro- 
duction of State rules and regulations pertain- 
ing to radiation a much easier step. 

As the availability of this service became 
known, the use of the State’s film badges by 
various radiation installations in Maine gradu- 
ally increased from a total of 2,280 film badges 
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per year in 1956 to 5,086 in 1965. During fiscal 
year 1965, 580 individuals, representing about 
75 percent of the workers in Maine occupa- 
tionally exposed to ionizing radiation (other 
than dentists, dental assistants, and dental 
hygienists), took advantage of the State’s film 
badge program. Of these 580 people, 100 were 
part-time users and 409 were full-time users 
who wore the badges either for 2- or 4-week 
periods, depending on their workload, and 171 
were doctors or dentists who wore the film 
badges for short periods to evaluate the radia- 
tion hazard in their offices. 

In recent months, the system has included 
405 physicians (M.D.’s and osteopaths), X-ray 
technicians and nurses employed in radiation 
work in hospitals ; 16 dentists, dental assistants, 
and dental hygienists; 18 physicians and tech- 
nicians using X-ray equipment in clinics and 
offices; a few other X-ray workers; and 141 
isotope users. About 24 percent of the workers 
monitored in the program use radioactive mate- 
rials licensed by the U.S. Atomic Energy Com- 
mission. 

Stainless-steel film badge holders were pur- 
chased initially for use for this program. They 
were soon found to be unsuitable by nurses and 
female X-ray technicians because of their 
weight and bulk. Plastic film badge holders 
were subsequently purchased and used in the 
non-industrial radiation settings. However, the 
stainless-steel film badge holders are still used 
by the workers in industrial radiation installa- 
tions. Each batch of 2,000 films purchased three 
times a year is calibrated by using an NBS 
certified radium needle for gamma radiation, 
a slug of natural uranium for beta radiation, 
and an X-ray machine with 2.5 mm of alumi- 
num operated at 75 kVp for X-ray, as the 
majority of our film badge users are operating 
their equipment in the 75 kVp range. 

Ordinarily the film badges are worn for peri- 
ods of 2 weeks by groups with heavy work- 
loads, and monthly by all others. The State 
pays postage for the film badges sent to the 
users and the users pay postage for the exposed 
film badges returned to the State. When the 
film badges have been processed, the Depart- 
ment of Health and Welfare institutes a follow- 

up of any unusual exposure. 
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A copy of the report is returned to the users ; 
however, the original report of the badge read- 
ing and the film badge itself are maintained in 
permanent files in the Department of Health 
and Welfare. It was observed that beyond a 
3-year period, the image on these film badges 
had begun to fade; and after 5 years, the image 
had faded so badly that the value of the film as 
a record is very questionable. Table 1 gives 
the average occupational radiation exposures 
for each year calculated for the monitored radi- 
ation personnel, assuming that all such persons 
have worn their badges 6 months or more each 
year of the exposure period. 











Number Average 
Year of users reading * 
(mR/month) 
ee ere eee eee 131 | 18 
ED chakun ives chhphie esp uecuns none 145 | 35 
tt, pit... nahin beh ae keene oom 158 | 19 
1959-1960_-____--- bibs uansenbewaneese 167 | 50 
I cs. Ciencia tanh vine cotbierdesens 200 33 
it Gnn che sens Gaseenekekes<aus 230 | 9 
PL ccccitnavetach beens canennte~ 241 | 10 
ES ee ee 258 | 21 
ee ere ee eee 306 20 
* Sensitivity is approximately 1 mR. 


It should be taken into consideration that 
the workload of most hospitals has increased 
in the last few years; therefore, the reduction 
in exposure rate received was not as clearly 
shown by table 1 as if the workload had been 
constant. Where individual hospitals replaced 
their old buildings and installed properly 
shielded X-ray equipment, the reduction was 
greater. 

Somewhat higher exposures have occurred 
among X-ray personnel employed in some of 
the large, old hospitals in the State. It is felt 
that these slightly higher exposures are due to 
the relatively heavy X-ray workloads that have 
been imposed on obsolescent equipment and 
facilities, and that the situation will be im- 
proved as modern hospitals are built to replace 
the old ones. Generally smaller radiation ex- 
posures have been found among dentists, dental 
assistants, and dental hygienists; industrial 
radiographers doing cabinet radiography ; hos- 
pital and research laboratory workers using 
AEC-licensed nuclides; and X-ray personnel 
employed in small hospitals where the X-ray 
workload has been light. 
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Under the State-operated program, 5,086 
badges were processed during fiscal year 1965, 
34 of which gave indications of greater than 
100 mR/week, the short-term limit on radiation 
exposure used for program purposes. No indi- 
vidual, however, had an indicated exposure in 
excess of 5 R for the year. Table 2 shows the 
distribution of badge readings. Followup of 
the indicated overexposure cases usually re- 
vealed that good practices had been breached, 
such as a technician holding a subject during 
radiography. In some cases, there were reasons 
to believe the film badge had been carelessly ex- 
posed by leaving it, improperly, near a radia- 
tion source. 


Table 2. Distribution of badge readings for fiscal year 1965 





| Number of 











mR/week 

film badges 

ete te ae ee Eien tre one tae Ot oh 3,127 
| TRESS eS Tee Ee ee 1,688 
oY i ReRSgRE REE 161 
NI ae Oi See 41 
aa. ew ee one a Sa 24 
OS ee ae cles ees oe ad eee 23 
ct ea ee game Syl a a lem eles 8 16 
ERSTE aE 1 
ata chic dig uke } 2 
SELL ib. outbbakccdieeice Brae 2 
ans et OREO 1 
Mee DE SET tie, Se lpi Ree Raa oh de | 5,086 


A relatively small number of radiation in- 
stallations in Maine utilize film badge services 
other than the service available from the State. 
These installations are not required to report 
the film badge findings. However, each user 
must maintain records of the findings of his 
film badge program, and these records are re- 
viewed by State personnel during periodic 
radiological health surveys. No instance of 
exposures of more than 190 mR/week to ioniz- 
ing radiation has come to light through this 
record system. 

There are many individual users of X-ray 
equipment in Maine who are not monitored on 
a regular basis for radiation exposures. These 
include about 610 dentists and dental techni- 
cians, about 325 individuals (physicians, tech- 
nicians, and others), such as those working in 
25 small hospitals and private medical offices 
where X-rays are used only occasionally, and 
82 persons who work around thickness gauges 
in which AEC-controlled nuclides are used. 
Over the 10-year period, 69 dentists and 107 
dental technicians have worn our film badges. 
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Of these, only seven dentists and 16 dental 
technicians wore the badges for more than 2- 
year periods. The majority were worn for only 
about 6 months; and in all cases the dose re- 
ceived per week was from less than 2 mR to 
15 mR, with an average of 3 mR per week for 
all badges worn. Periodically a determination 
has been made by radiation inspectors from the 
Department of Health and Welfare that the 
radiation level in the positions occupied by 
these radiation workers during their employ- 
ment is less than 25 percent of the permis- 
sible dose to individuals in a controlled area‘ 
and continuous personnel monitoring is not 
considered to be essential. Should the mode 
of operation of the radiation installations 
change, however, film badges are available 
on request to determine whether the levels 
of radiation exposure are sufficiently increased 
to warrant a regular monitoring program. 
Many of the 25 smaller hospitals will re- 
institute personnel monitoring among radia- 
tion workers as one of the conditions of par- 
ticipation for hospitals under the Medicare 
Program. Personnel monitoring is not required 
if there is adequate evidence that the exposures 
will not exceed 25 percent of the permissible 
dose to individuals in a controlled area.* 

There are about 77 radiation installations 
in Maine using the State’s badge program. 
These installations include 49 hospitals, 8 den- 
tal offices, 9 medical clinics and physicians’ 
offices, 2 veterinarians, 2 industries, 2 colleges, 
and 1 large research laboratory, as well as 4 
State agencies. 

There are about 248 radiation workers in 
Maine, including approximately 25 students 
in a one-semester course in a college, who use 
materials controlled by the Atomic Energy 
Commission. Of these, about 141 (56 percent) 
are monitored for radiation exposures on a 


regular basis through the State’s film badge 
program. 

By way of comparison, there are about 1,350 
radiation workers using radium and the types 
of X-ray equipment used in industry, educa- 
tional institutions, and the practice of medicine, 
dentistry, and other forms of the healing arts. 





3 “State of Maine Rules and Regulations Relating to 
Protection,” Section B-10, page 23, indicates a permis- 
sible level of 100 mR/week. 
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Approximately 440 (32 percent) are monitored 
by the State’s program. 

The radiation exposures associated with 
medical and dental examinations, when radia- 
tion workers are patients under the care of 
a practitioner of the healing arts, are not as- 
sessed under this program. 

Prior to the institution of this program in 
1956, there had been several instances of radia- 
tion injuries among dentists and veterinarians 
in particular, such as severe radiation injuries 
of the fingers. Since 1956 there has been no 
known instance of occupationally related radia- 
tion injury among the radiation workers in the 
State of Maine. This improvement is thought 
to be due in part to the increased awareness of 
the hazards of ionizing radiation brought about 
by the State’s personnel monitoring program. 

The followup program dealing with suspi- 
ciously high readings on the film badges has 
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uncovered a few instances of poor radiation 
practice. One advantage of the approach used 
in Maine is that the Department of Health 
and Welfare, through its operation of the film 
badge program, is alerted to possible over- 
exposures relatively soon after they occur. This 
permits prompt followup and facilitates a re- 
construction of the circumstances that lead to 
higher-than-usual badge reading. 

Averaged out for the population of the State 
of Maine, the contribution to the genetic pool 
from occupational exposure among its radiation 
workers amounts to somewhat less than 1 mR/ 
year. This is to be compared against radiation 
exposures amounting to about 100 mR/year 
from natural background and exposures per- 
haps in the range of from 50 to 100 mR, due 
to irradiation of members of the population 
incidental to the practices of the healing arts 
in the State. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in the 
diet. Efforts are being made by both Federal 
and State agencies to monitor the intake of 
various radionuclides in the total diet on a con- 
tinuing basis. Although the total diet is the 
most direct measure of intake of radionuclides, 
indicator foods may be used to estimate dietary 
intake where specific dietary data are not 
available. As fresh milk is consumed by a 
large segment of the U.S. population and con- 
tains most of the biologically significant radio- 
nuclides from nuclear test debris which appear 
in the diet, it is the single food item most often 
used as an indicator of the population’s intake 
of radionuclides. Moreover, it is the major 
source of dietary intake of short-lived radio- 
nuclides. In the absence of specific dietary 
information, it is possible to approximate the 
total daily dietary intake of selected radionu- 
clides as being equivalent to the intake repre- 
sented by the consumption of 1 liter of milk. 
More direct estimates of dietary intake of 
radionuclides than those furnished by indicator 


foods can be obtained by analyses of the total 
diet or representative principal food items or 
groups combined with appropriate consump- 
tion data. 

The Federal Radiation Council has developed 
Radiation Protection Guides (RPG’s) for con- 
trolling normal peacetime operations, assuming 
continuous exposure from intake by the popu- 
lation at large (1-3). The RPG’s do not and 
cannot establish a line which is safe on one side 
and unsafe on the other; they do provide, how- 
ever, an indication of when there is a need to 
initiate careful evaluation of exposure (3). 
Additional guidelines are provided by the FRC 
Protective Action Guides (4) and by the Inter- 
national Commission of Radiological Protection 
(5,6). 

Data from selected National, International, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantitative- 
ly monitor man’s exposure to radionuclides, 
various National and International organiza- 
tions routinely monitor radionuclide levels in 


Program 
Radiostrontium in milk, HASL 


July-December 1965 


milk. In addition to those programs reported 
below, Radiological Health Data and Reports 
coverage includes: 


Last presented 
~ June 1966 — 


Period reported 








1. Pasteurized Milk Network 
May 1966 


Division of Radiological Health and Division 
of Environmental Engineering and Food Pro- 
tection, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) was designed to provide na- 
tionwide surveillance of radionuclide concen- 


trations in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State, the 
Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 
December 1965 Radiological Health Data (1). 

The results for May 1966 and for the first 
quarter of 1966 are presented in table 1. The 
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Figure 1. Pasteurized Milk Network sampling stations 
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Table 1. Average radionuclide concentration in pasteurized milk for the first quarter and May 1966 * 



































| Strontium-89 | Strontium-90 Cesium-137 lodine-131 Barium-140 
| (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations } | } | 
First | May | First | May First | May First | May First May 
quarter | 1966 | quarter 1966 quarter 1966 | quarter | 1966 quarter 1966 
1966 | | 1966 1966 | 1966 | 1966 
es Se Se ——|—_—__|——_-— an a en a en 

Ala: ES hide in ctthdnk oStlian sive | <5 | <5 | 12 12 | 25 30 | 0 | 20 0 0 

EE EIS I AES Ey <5 <6 | 14 | 15 | 40 45 | 0 | 20 0 0 

Ariz MG scottish castes cohsiie | <6 <5 4 | 2} 15| 10] 0 0 0 0 

Ark ND: Lf UO ini Dskwseencnsecgey <5 25 26 38 40 | 50 | 0 | 80 0 20 

Calif OD... «coe Ski cg dea essa aie iee <5 <5 | 15 | 15 0 | 0 0 0 
San Francisco. _............--- hi dusabon <5 <5 7 | 8 | 20 | 20 0 0 0 0 

C2 NOLS PY Ohi en SS | <5 <5 | 4 | | os | 20 | 0 | 0 0 0 

Colo Dt. ccc aaknkeindeensnke aan’ okael <5 <5 | 11 | 11 | 25 | 25 | 0 0 0 0 

Conn CIES cas nfadenyels svasdassuchonganen <5 <5 11 | 11 | 40 | 40 | 0 | 0 0 0 

Del: Rs cntived sowartecnnckn danneeeen <5 <5 13 | 17 40 40 | 0 | 10 0 0 

D.C: I) Cra. nn ec suagueins ee <5 <5 12 | 14 | 30 30 | 0 0 | 0 0 

Fla: Wis baa ilcnwk whe. custhoscdwewnoen <5 <5 11 | | 105) 118 | 0 | 10 | 0 0 

| | 

Ga: MUOELL . bc TL AE is ekl aiins deat bebo <5 | 5 19 | 21 45 | 45 | 0 | 20 0 0 

SN en <5 <5 | 5 7 | 35 30 | 0 | 0 0 0 

DEED? "INES ths wich duawkshoobh debecetbaee <5 <5 | 13 | 15 | 45 | 40 0 | 0 0 0 

Ill: in re as <5 <5 | il 14 | 35 35 | 0 0 0 | 0 

Ind: NN, 3205... va Ceea cin ceedee cake <5 10 12 | 13 30 | 30 0 | 50 0 | 10 

Towa: ELE TERR CLES ty FI <5 <5 | 14 | 17 30 30 | 0 20 0 0 

| | 

SS Na ene ey | <6] <6] 13 | 15 | 20 | 25 0 | 30 0 0 

Ky: Louisville.______- ar ae oe 21| 25 25 | 0} 20 0 0 

La: New Orleans <5 <5 29 | 31 | 40 45 | 0 | 10 0 | 0 

Maine: Portland___. <5 <5 15 | 16 | 65 | 70 | 0 | 0 | 0 | 0 

Md: Baltimore___ aa <5 <5 13 | 16 | 30 30 | 0 | 0 | 0 | 0 

SS, CEC oA cas ced ducbvableaehion <5 | 10 | 14 | 15 60 | 65 | 0 | 0 | 0 0 

Mich:  Detroit..............-- ald aslailedhlon sie St <5 | <5 | i | 12 | 35 | 35 | 0 | 10 0 0 
Grand Rapids___________- SAINT MED : <5 <5 14 15 | 45 | 50 | 0 | 0 0 | 0 

Minn: EEN ee NE LER IOS A * HT HE: <5 <5 20 24 40 | 45 | 0 | 10 0 | 0 

he ATER EE EOE RES <5 5 23 | 29 | 25 | 35 0 | 10 0 | 0 

Mo: MIL oS Sue odsinncckeccdvaen <5 15 | 15 | 18 | 20 25 0 | 50 0 | 0 
8 SD IR Sap a RRR IRS IES <5 35 | 15 | 20 | 30 | 30 | 0 | 60 0 0 

| ee ean ee eee | <5 <5 15 | 15 | 55 | 55 | 0 | 0 0 0 

 - Sean Senge inaegarerets <5 <5 | 15 | 17 25 30 0 | 10 | 0 0 

Nev: TRE TERT LEY PGE nal <5 <5 | 7 | 5 | 20 | 25 0 10 0 0 

N.H: ah ak. ahawkads causekan <5 10 18 | 15 75 | 70 0 | 0 | 0 0 

N.J: eI ERY RN ETN Ge <5 <5 12 | 11 40 30 0 | 0 0 0 

8 Rk REPRE MIS FE IE <5 | <5 6 | 6 | 15 | 15 0 | 0 0 0 

| | } 

N.Y NE 050 I cpinceababancbenh <5| <b | 10 | 40) 45] 0 | 0 | 0 0 
SIN fi da eoeahhanncdas <5 | <5 13 | 15 | 45 | 45 | 0 | 0 | 0 0 
| EEE LIE ALTE AES ORES IS <5 | <5 | 10 | 12 40 | 45 | 0 0 0 0 

N.C: TION. a ln dicta Seka ne <5 <5 20 21 30 35 | 0 30 | 0 0 

120 SPR oper see <5 | <5 31 38 | 45 | 45 0 6 0 | 0 

Ohio: MMA apa <5 | 5 12 16 25 | 30 0 10 0 | 0 
Cleveland. == 2-22 ==. ORDO. Net UE ei <6) S| “aT & | 40 | 0 | 0 0 | 0 

| | | | | | | 

ite: “MO Clee oo hc ee ace | <5] 10 | 13 | 15 | 25 | 25 0 | 40 | 0 | 10 

Ore: | abate ee Sea ex <5 <5 | 12 | 13 | 35 40 0 0 | 0 | 0 

Pa: ERA EEO oem AE > <5 <5 | 12 | 14 | 35 | 35 0 0 | 0 0 
Pittsburgh. -_______- TRALEE Es | <5| <5] 17 20) 45) 50 0 | 0 | 0 | 0 

P.R: Nh 8 ehh itlanes seks cwihsbicbialebarhh <5 | <5 | 8 | 8 25 25 0 | 20 | 0 | 0 

RI: ETS. a PRES IRI | <8{ 10) 12) 12 | 45| 45 0 | 0 | 0 | 0 

8. C: VS eT EE RR EO Pie <5 | 5 | 23 | 22 | 45 50 0 | 30 | 0 0 

OME, Mo a ih hid albeit a <5 <5 | 19 | 26 | 45 | 5 0 0 | 0 0 

Tenn: RG PSE: 2 <5 <5 | 21 | 21 25 30 0 20 | 0 0 
MINES) ao, 20% occdck ocacnkasdeianee <5 5 17 | 20 15 20 0 30 0 0 

Tex Ne oe ee re aa <5 <5 6 6 | 15 | 20 0 | 10 | 0 0 
Micha tGudachannssdhtcacheuhabss heed <5 | 10 14 | 18 20 30 0 | 30 | 0 0 

Utah NE ON COURS cock n chen a neene <5 | <5 13 13 | 40 | 35 0 | 0) 0 | 0 

| | | | 

Vt: IN 5 PO a Ah bin daakbe umes | 2) = 14 | 13 55 | 55 0 0 0 0 

Va: RRL Co hee rey gee ig <5 | <5 | 16 | 17 25 25 0 0 0 0 

Wash OCT TCT TE PRG EE Pot Hi <5 <5 15 | 19 40 | 55 0 0 0 0 
dnt naitpnpesicthoeendbwap enna <5 <5 15 20 40 40 0 0 0 | 0 

4 0 = Nee eee eee <5 <5 14 18 | 25 | 20 0 10 0 0 

Wis: Milwaukee <5 5 11 | 9) 40 45 0 | 0 0 0 

Wyo: I ac 3i2 tk ben wn econo <5 <5 14 | 14 30 35 0 0 0 0 

te ee ee an <5 | <5 13.8) 15.6 | 35 | 38 0 11 | 0 | 1 





® Calcium analyses were discontinued as of March 31, 1966. 


average monthly radionuclide concentrations averages were calculated using one-half the 
are based on results obtained from samples minimum detectable value, except for iodine— 
collected weekly. If radionuclide values were 131 and barium-—140, where zero was used for 
below minimum detectable concentrations (1), averaging purposes. 
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Steortum-O Concentrations (oC: ‘!:ter) 





Table 2. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network stations 
May 1965 and December 1965—May 1966 


Table 3. Frequency distribution, cesium-137 concentra- 
tions in milk at Pasteurized Milk Network stations, 
May 1965 and December 1965-May 1966 

















Number of stations 
Strontium-90 

(pCi/liter) 1965 1966 
May | Dec | Jan Feb | Mar | Apr | May 
J?) ae. 4 i) 10 9 i) 8 10 
Nd db pee eonten 26 43 46 46 44 50 38 
+ ktantie caoakt 25 1l 6 7 7 3 12 
a eee 5 0 1 1 3 2 3 
a bateneteneen 2 0 0 0 0 0 0 
DP rt dt nsueunn ha 0 0 0 0 0 0 0 
Diceutctes cesses 1 0 0 0 0 0 0 


























For comparative purposes, distributions of 
strontium—90 and cesium—137 are presented in 
tables 2 and 3 for May 1965 and for December 
1965 through May 1966. The average stron- 
tium-90 concentrations in pasteurized milk 
from selected cities are presented in figure 2. 





| Number of stations 














—_ ft ‘ 
(pCi/liter) | 1965 | 1966 
en —— _ 
| May | Dec Jan | Feb | Mar | Apr | May 
aS PS es Ha a OE eee Pies 
Under 50 | > a7 | 51 57 56 56 65 | 51 
50-99. _ - a1 ii 6 6 when FS 
COIL 5 5c sowenee 13 1 | 1 | 1 1 1 1 
IE ov dnsennse tt 0} 0 =. } o| 0 0 





In anticipation of a significant increase in 
iodine-131 levels in pasteurized milk, as a re- 
sult of atmospheric nuclear detonations (2), 
the sampling and analysis frequency for this 
radionuclide was increased to twice weekly 
as of May 16. The individual sample results 
for the second half of May are presented in 
table 4. 








Strontium-9 Concentrations (oCi/l:ter) 
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Strontium-9O Concentrations (oC: ‘I: ter) 



































Figure 2. Strontium-90 concentrations in pasteurized milk, 1961—May 1966 
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j Table 4. Daily iodine-131 concentrations in pasteurized milk, May 17-31, 1966 
Daily iodine-131 concentrations, pCi/liter 
Sampling locations May 1966 
17 is | 19 | 20 | a1 | 22 | 20 | 24 25 | 26 | 27 | 28 | 20 20 | 31 
a —— ee ee ee ee ee ee ee ee ee ee ee ee ee 
ee Be iy > inhi AE aad (A 
Al Montgomery... ...-.---- <10 | <10| 50) | 38 } 
Alaska EL Gthe ten eddonneens <10 | | <10} | 80 <10 | 
Ariz OS PE EE a <10 | <10 <10 | 30 } 
Ark fy" SRL | | | 392 | 196 
Calif Sacramento. ............ <1 < 0) |<10 | <10) 
San Francisco. .......... <10 <10 <10 | <10| } 
j | | | 
C.Z Cristobal............... r }o) are | | a 
Colo RES: <10 | <10! 10| <10 
Conn: Hartford. 22222222222. <1 <10 11] | <10) 
Del: IE. cocccdeceee <10 | | | 14 | | 
D.C: Washington............- <10 |<10 } | 20 17| 
Fla: J SE: <10 31) Lil | 31 "i b siogl 
Ga ne <u a | | 36 31) 
Hawaii: Honolulu_............-- <10 | <10} | <10) 
Idaho Idaho Falls. _........- .-| <10) <10 | | | <10 |<10 | | 
Ill: SR iicatecsctnsies <10} |<10) | | 29 22) | 
Ind: Indianapolis_---......-. <10 | 75 a | 188 | | 
Iowa OS eae ree: <10 <u | 50 60] 
Meee: | WHMies...-.....-.-02 <10 | <1) | | | 110 | sol | 
Ky: Louisville... 4 29 | | 35 | 39 
La: New Orleans <10) | | 34 22) | 
Maine: Portland ‘ <10 | 17) | | 14] | 
Md Baltimore <10) | 261 ee me | 
Mass: _ Boston <10 <10) | | 12 | 
Mich: _ Detroit 17| 29) | 35 
Grand Rapids...--___--- <10) 16 6 | S| 27] 
j Minn: Minneapolis......------- <10 <10 | 30 | 30] | | 
Miss: Eee <10) 27) | } 43 
Mo: Kansas City_-_--_----- <10 80) 145) | 120) | | 
_......... pe: <10| | 280 | 170, — | 180 
Mont MING Chiat cusiaoedes <10 <10 <10 ee: oe 
Nebr ES sac suiksomued <10 <10 <10 60) | 
Nev: ee | <10 <10 <10 | al 
N.H: Eee <10) <10 15 | <10) | 
N.J: + Senn <10 | <10 /<10} | <10 
N. Mex: Albuquerque...........- <10 10 | | 10) | 
dis siniiniosociwratell | 10 | | <10 
_ y. =e <10 <10 | <1 
RS ERM aa <10 | 10 | 22 <10 | 
| 
N.C Ree ene 26 65 | | 64 | 
N. Dak: Minot............--- ae <10 <10 | 10) 
Ohio | eee <10) <10 71 52 | 
oS eee <10| | <10 37 | 45 } 
Okla: Oklahoma City........-- 12 137 118 
Ore: cd cadscacede <10 <10 <10 10 | 
Pa: Philadelphia. .........-- <10 <10 15 25} | | 
OS RSS <10 <10 20 17 
P.R i SRG 18 25 
R.I Providence.............- <10 <10 <10 21 
8.C EEN <10 13 52 103 
8. Dak: Rapid City............. <10 <10 10 30 
Tenn Chattanooga...........- <10 <10 44 37 
BD cédduicomsivned <10 13 106 96 
Tex P< adinekdekadmmes <10 20 48 
i Se 13 49 100 
Utah: Salt Lake City. ........- <10 
Vt: et <10 <10 <10 <10 
Va ee Nee <10 <10 18 21 
Wash Ns onemtteanundiaea <10 <10 <10 20 
PL, 4 ddknodibnesoce <10 <10 
W. Va Oe eae <10 33 25 
Wis Milwaukee.............- <10 <10 <10 17 
Wyo | SSR ee | <10 <10 <10 20 
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2. Canadian Milk Network' 
May 1966 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At pres- 
ent, 16 milk sampling stations (figure 3) are 
in operation. The locations coincide with air 
and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine-131, 
and monthly composites are analyzed for stron- 





1 Prepared from June 1966 monthly report “Data 
from Radiation Protection Programs,” Canadian De- 
— of National Health and Welfare, Ottawa, 

anada. 





tium-90, cesium—137, and stable calcium and 
potassium. The analytical procedures were out- 
lined in the December 1965 issue of Radiologi- 
cal Health Data (3). 

The May 1966 monthly average strontium-— 
90, cesium-—137, and stable calcium and potas- 
sium concentrations in Canadian whole milk 
are presented in table 5. 

During this period, strontium-—89 and iodine— 
131 concentrations were below detectable levels. 


Table 5. Stable elements and radionuclides in Canadian 
whole milk, May 1966 

















Calcium | Potassium| Stron- Cesium- 
Station (g/liter) (g/liter) tium-90 137 

(pCi/liter)|(pCi/liter) 
LS See 1.15 1.5 21.2 71 
ee Se ee eee 1.10 1.5 19.2 57 
ck SSeS 1.13 1.6 29.9 90 
Po ee 1.08 1.6 27.0 71 
RG bikers cnerenainonl 1.16 1.6 22.5 89 
IL cha cipebociwicc as 1.13 1.5 17.0 57 
a eee Pi 1.5 12.8 50 
OE 1.12 1.6 26.9 93 
OE EOE 1.08 1.4 20.0 47 
St. John’s Nfid_....._.-- 1.13 1.5 22.8 93 
eee 1.13 1.5 19.9 40 
Sault Ste. Marie_-_--_.--- 1.10 1.6 23.2 82 
Pa et 1.17 1.5 9.1 45 
Vancouver-_-__- 1.17 1.5 30.4 106 
EES Ee 1.19 1.6 12.0 62 
_ «i (REPRE TE 1.05 1.6 16.9 61 
Po TS EES 1.13 | 1.5 20.7 70 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
May 1966 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Wnder a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO member coun- 
tries (figure 4). Results of the milk sampling 
program are presented below. Further infor- 
mation on the sampling and analytical pro- 
cedures employed was presented in the Decem- 
ber 1965 issue of Radiological Health Data (4). 

Table 6 presents stable calcium and potas- 
sium, strontium—90, strontium—89, and cesium— 
137 monthly concentrations for May 1966. 


Additional data 


Data from Caracas, Venezuela, for March 
and April 1966 was not previously reported in 
the July and August 1966 issues of Radiological 
Health Data and Reports and have been added 
to table 6. 
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Figure 4. Pan American Milk Network sampling stations 











Table 6. Stable element and radionuclide concentrations in PAHO milk, May 1966 








Sampling station Calcium Potassium |Strontium-89|Strontium-90| Iodine-131 | Cesium-137 | Barium-140 
(g/liter) (g/liter) (pCi/liter) | (pCi/liter) | (pCi/liter) | (pCi/liter) | (pCi/liter) 
Canal Zone: 
OO NA 1.5 <5 4 <10 20 <10 
Jamaica: 
en EE NS NS NS NS NS NS NS 
Mandeville _ - _----- 1.09 1.29 20 9 180 140 50 
Montego Bay ---_--.- NS NS NS NS NS NS 
Puerto Rico: 
ee NA 1.5 <5 8 20 25 <10 
Venezuela: 
Caracas 
(March 1966) *__- 1.10 1.44 <5 3 <10 10 <10 
(April 1966) *_ _-- 1.10 1.49 <5 4 <10 <10 <10 
(May 1966) *___- 1.10 1.60 <5 5 20 30 <10 
































*® Data for March and April 1966 not reported in the July and August issues of Radiological Health Data and 


Reports. 
NA, no analysis. 
NS, no samples collected. 


REFERENCES 


(1) PUBLIC HEALTH SERVICE, DIVISION OF 
RADIOLOGICAL HEALTH, and DIVISION OF 
ENVIRONMENTAL ENGINEERING AND FOOD 
PROTECTION. Pasteurized Milk Network, August 
1965. Rad Health Data 6:677-681 (December 1965). 

(2) PUBLIC HEALTH SERVICE. Reported nuclear 
detonations, May 1966. Rad Health Data Rep 7:376 
(June 1966). 


September 1966 


(3) CANADIAN DEPARTMENT OF NATIONAL 
HEALTH AND WELFARE, RADIATION PRO- 
TECTION DIVISION. Canadian Milk Network, 
August 1965. Rad Health Data 6:685-686 (Decem- 
ber 1965). 

(4) PAN AMERICAN HEALTH ORGANIZATION 
and U.S. PUBLIC HEALTH SERVICE. Pan Ameri- 
can Milk Sampling Program, August 1965. Rad 
Health Data 6:687 (December 1965). 


499 








STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs supported by functional radiological 
health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk sur- 


veillance activities. State milk surveillance 
programs are continually undergoing develop- 
mental changes at this time. The results pre- 
sented herein are representative of current 
surveillance activities directed at the use of 
milk as an indicator of dietary intake of radio- 
activity. 

In addition to the State milk networks pre- 
sented herein, programs previously covered in 
Radiological Health Data and Reports include: 


Milk network 





Period reported 





Last presented 


Colorado October-December 1964 April 1965 
Connecticut January—March 1966 August 1966 
Florida January—March 1966 July 1966 
Indiana January—March 1966 August 1966 
Michigan October-December and 

annual summary 1965 May 1966 
Minnesota January-March 1966 August 1966 
New York July-December and 

annual summary 1965 May 1966 
Oklahoma January—March 1966 July 1966 
Pennsylvania January—March 1966 August 1966 
Texas January-March 1966 July 1966 





1. California Milk Network 
January-March 1966 


Division of Environmental Sanitation 
State of California 
Department of Public Health 


Surveillance of specific radionuclides in milk 
is one phase of California’s Department of 
Health program of radiation control. This milk- 
monitoring function has been conducted at 
eight milksheds since January 1960 by the 
Department’s Bureau of Radiological Health. 
With the addition of the Del Norte and Mendo- 
cino milksheds to the program in March 1962, 
weekly, biweekly, or monthly saz.ipling of pas- 
teurized milk has been conducted at 10 major 
milksheds (figure 1). The original sampling 
locations were chosen by the State Department 
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of Agriculture as representative of milk con- 
sumed by a high percentage of the State’s 
population. A description of the various Cali- 
fornia milksheds was presented earlier by 
Heslep and Cornish (1). 

Strontium-89 and strontium-90 concentra- 
tions are determined radiochemically. 

Potassium—40, iodine-131, cesium-137, and 
barium-140 in whole fluid milk are determined 
by gamma-scintillation spectrometry. A de- 
tailed description of the analytical procedures 
was presented earlier (2). 

The monthly calcium and radionuclide con- 
centrations in California pasteurized milk are 
given in table 1 for the period January to 
March 1966. 

Network average strontium—90 and cesium— 
137 concentrations are presented graphically 
in figure 2. 
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Figure 1. California milksheds 


Table 1. Stable elements and radionuclides in California milk, January-March 1966 





Element and month Del Fresno Hum- Los Mendo- Sacra- San Santa Shasta | Sonoma | Average 
Norte boldt Angeles cino mento Diego Clara 





Calcium, g/liter 


eS eee 1.2 1.09 1.27 1.2 1,14 3. 1.21 2 21 
nd pntdnnadivanawtictd 1,29 1.24 1.18 1.14 1.18 1.22 1.14 1.23 1,20 1,22 1.20 
Pa sch ctebtinamiiindiaaentota) 1.26 1.20 1.2 1.11 1.16 1 1 1.19 1.15 1.26 1.18 
1,260 1,240 1,280 1,210 1,400 1,170 1,270 1,270 1,250 
1,190 1,160 1,250 1,200 1,170 1,270 1,200 1,190 1,190 
1,2 1,210 1,210 1,270 1,190 ’ 1,210 1,250 1,230 
ND ND ND D ND ND D ND ND 
0.9 ND ND ND ND ND ND ND 0.4 
0.2 0.3 4.0 0.3 ND ND ND 0.2 0.5 
9.2 3.5 7.0 5.0 4.0 3.0 8.0 6.3 7.8 
7.0 5.0 5.0 5.0 3.0 3.0 7.0 5.3 6.5 
12.0 3.4 9.0 5.0 3.0 4.0 9.0 7.0 7.9 
18 11 18 22 *13 9 23 19 22 
21 18 22 10 21 32 21 
31 8 26 31 *6 29 76 30 30 









































*® When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best available estimate, but is not statis- 
tically significant. 
ND, below detectable limits. 
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Figure 2. Radionuclide concentrations in California milk 
January 1960—March 1966 


Previous coverage in Radiological Health 


Data and Reports: 


Period 
July-September 1963 


October-December 1963 
Annual summary 1964 
Annual summary 1965 


2. Oregon Milk Network 
January-March 1966 


Division of Sanitation and Engineering 
Oregon State Board of Health 


The Oregon State Board of Health has moni- 
tored radionuclide concentrations in milk since 
March 1962. As part of this program, routine 
milk samples are collected at eight major pro- 
duction areas (figure 3), which supply 90 per- 
cent of the milk distributed in Oregon. Cur- 
rently, pasteurized milk samples are collected 
monthly by the Oregon Department of Agri- 
culture, except in the Portland area where 
weekly samples are collected by the city of 
Portland. The milk sampling frequency is ac- 
celerated to a weekly basis in areas where 
iodine-131 concentrations exceed 100 pCi/liter, 
or where cesium-—137 concentrations exceed 500 
pCi/liter. Strontium-90 analyses are per- 
formed on a bimonthly basis, but may be done 
monthly when significant increases are ob- 
served. 

Strontium-90 concentrations are determined 
using a trichloracetic acid analytical procedure 
(3). Iodine-131, cesium—137, and barium-140 
concentrations are determined by gamma-scin- 
tillation spectrometry (4). 
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Issue 
March 1964 
June 1964 
June 1966 
June 1966 





Table 2 gives the strontium—90 and cesium— 
137 concentration in pasteurized milk from 
January through March 1966. These data are 
presented graphically in figure 4. Iodine-131 
and barium-140 concentrations remained below 
minimum detectable levels of 15 pCi/liter. 


Table 2. Radionuclide concentrations in 
Oregon milk, January-March 1966 





| Cesium-137 


















































Sam- Strontium-90 
pling (pCi/liter) (pCi/liter) 
Sampling location fre- 
quency 
Jan | Feb | Mar | Jan | Feb | Mar 

ees M 10 NA NA 25 20 30 
Oe) eos M 15 NA NA 50 50 45 
DR tactsondoaiu M 10 NA NA 30 25 40 
* eae M 10 NA NA 25 30 40 
EE at M 10 NA NA 25 35 30 
Portland composite - - Ww 15 10 13 40 35 35 
Portland local_------ Ww 15 NA NA 45 35 45 
Reamend..........- M 10 NA NA 50 35 30 
., See M 25 NA NA 65 60 60 
PE,  cducdbebes vy 





M, sampled monthly. 
W, sampled weekly. 
NA, no analysis. 


Previous coverage in Radiological Health 
Data and Reports: 








Period Issue 
Summary 1962-1964 June 1965 
Annual summary 1965 June 1966 
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Figure 3. Oregon milk production and distribution areas 





MONTHLY NETWORK AVERAGES 


CONCENTRATION (pCi/liter) 














Figure 4. Radionuclide concentrations in Oregon milk 
network, June 1962—March 1966 


3. Washington Milk Network 
January-March 1966 


Air Sanitation and Radiation Control Section 
State of Washington Department of Health 


The State of Washington Department of 
Health initiated a surveillance program for ra- 
dioactivity in raw milk in December 1962. The 


September 1966 


collection points shown in figure 5 were selected 
to provide samples representative of varying 
climatological conditions within the State’s two 
major milksheds. In addition to the eight milk 
sampling locations in Washington, milk is 
sampled from Northwest Idaho (Sandpoint), 
as this area forms a part of the Spokane milk- 
shed. Details of the sampling procedures were 
presented earlier (5). 
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Figure 5. Washington milksheds and sampling locations 


Selected samples are analyzed radiochemical- 
ly for strontium-90. Potassium—40, iodine-131, 
cesium-—137, and barium-140 concentrations are 
determined by gamma-scintillation spectrom- 
etry. Details of the analytical procedures were 
presented earlier (5). 

Table 3 presents monthly radionuclide con- 
centrations in Washington raw milk for Janu- 
ary through March 1966. During this period, 
iodine-131 and barium—140 concentrations re- 
mained below minimum detectable levels. 
Monthly average strontium—90 and cesium—137 
concentrations are presented graphically in 
figure 6 to display general trends. 

Zinc-65 was observed in the Benton-Frank- 
lin area on three occasions during this period 
(table 4). This nuclide has periodically ap- 
peared in these areas as a result of the irriga- 
tion of some pasture land with Columbia River 
water which has been shown to contain this 
contaminant. 


Previous coverage in Radiological Health 
Data and Reports: 








Period Issue 
December 1962—December 1963 May 1964 
Summary 1964 and 1965 June 1966 
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Table 3. Radionuclide concentrations in 
Washington milk, January-March 1966 





| P on 
: Potassium-40, pCi/liter 
Sampling location 

















| January | February March 

| 
NN OEE Ee ee } 1,370 1,150 NS 
8 EE Sa et 1,240 1,200 1,240 
tpi si..:csactitneauknacocewed 1,360 1,280 1,290 
ae NS | NS 1,170 
EE RE eae 1,270 | 1,310 1,160 
0 ESE ae See 1,270 1,260 1,200 
ik inn ln wis eines 1,330 1,260 1,090 
ES RES TEE A SS 1,360 1,270 1,300 
Skagit County-_--_- 1,270 1,190 1,300 
PL oe cutie abcd & newad nie Ameael 1,309 1,240 1,083 
























END, 5.0n ncnakntnibaredinns 7 7 NS 
OS FS a ee 12 17 11 

aiid anacw-oibadeaeianeiiieliod 9 | 16 17 
PE TOONS... kc cusasecscaces | NS NS 5 
DMINEMED 2... -....ceeendenn- 7 9 | 6 
ee a ee Se | 10 14 11 
NE nicskencen minke sein | 29 37 | 32 
acters ty da ici cen eh ani | 14 11 1l 
re | 8 15 7 
NI Sak coniy ia tas ges ttn gs, id's al | 12 | 16 13 

| 
| Cesium-137, pCi/liter 

es anancadunswwtund | 23 20 | NS 
Sy TT 2 39 | 38 
| Na ep ea T Ee REE Re 28 | 98 40 
Franklin County anaes NS NS 34 
i | Se eee phot 25 | 30 | 26 
Pierce County Ms 43 | 40 | 42 
Sandpoint - - - - 85 | 90 80 
| riers Aeehieer 40 | 42 | 51 
ti EERE LOR ST 30 | 42 | 25 
eee ts: Lie ee ee mel PERE | 38 | 50 | 42 





NS, no sample collected. 
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Figure 6. Radionuclide concentrations in Washington 
milk, 1962—March 1966 





Table 4. Milk samples in Washington 
State containing zinc-65 





| Collection Zine-65 


Sampling location 
date, 1966 (pCi/liter) 
Tip cer 9 (0 Mie eee | 
Denton Gemtiy . ... ..ccccesccsccdencessess| OTT 104 
NS ooo sinks ovcrennlatnaibigaieoene February 7 | 40 
ares 44 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically herein include (1) the 
Public Health Service’s Institutional Total Diet 
Sampling Network, (2) the Atomic Energy 


Program 


Period reported 


Commission’s Tri-City Diet Study, (3) the 
Food and Drug Administration’s Teenage Diet 
Study, (4) the State of California’s Diet Study, 
and (5) the State of Connecticut’s Standard 
Diet Study. These networks provide data use- 
ful for developing estimates of nationwide 
dietary intakes of radionuclides. Programs 
most recently reported in Radiological Health 
Data and Reports and not covered in this issue 
are listed below: 


Last presented 





Institutional Total Diet PHS 


October-December and 





July 1966 


annual summary 1965 


Teenage Diet, FDA 
Connecticut Standard Diet 


February—November 1965 
January—June 1965 


August 1966 
February 1966 





1. Strontium-90 in Tri-City Diets 
November 1965-January 1966 ° 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Since March 1960, the Health and Safety 
Laboratory, through its quarterly diet study, 
has made estimates of the strontium-—90 content 
of the average diet of individuals living in New 
York City, San Francisco, and Chicago. 

Selected foods representing 19 food categories 
are purchased at each of these three cities 
every 3 months on a staggered basis (i.e., New 
York City, November 1965; San Francisco, 
December 1965; Chicago, January 1966) and 
are analyzed for strontium-90. Fourteen of 
the diet categories are analyzed on a quarterly 
basis. Eggs, poultry, fresh fish, shellfish, and 
meat are purchased quarterly, but analyzed 
annually. This policy was initiated in 1965 due 
to the lower concentrations of strontium-90 in 
these food categories. The contribution of these 
five diet categories to the total annual intake 





1Data from Fallout Program Quarterly Summary 
Report, HASL 172. Available from the Clearinghouse 
for Federal Scientific and Technical Information, 
pgs 5285 Port Royal Road, Springfield, Virginia 
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of strontium—90 over the last 4 years has been 
approximately five percent. Therefore, this 
figure is used to calculate their contribution 
to the total strontium-—90 dietary intake. These 
values are added to the contributions of the 
other 14 food categories to obtain quarterly 
estimates of annual strontium—90 intake at the 
three cities. Consumption figures used are 
based upon data from the Department of Agri- 
culture (1). 

Some food types are assumed to be repre- 
sentative of larger food categories, such as 
liquid milk for dairy products in general. 

The consumption data are based on a weight- 
as-purchased basis. Before the food samples 
for the Tri-City Diet Study are ashed for radio- 
chemical analysis, they are prepared to a cer- 
tain degree as if for actual consumption. For 
example, fruits are peeled, eggs are shelled, and 
poultry is boned. Therefore, concentrations of 
radioactivity in foods as reported in the Tri- 
City Diet Study are based on the trimmed 
weight. No correction is made for the waste. 

After two samplings at each city, it was 
found that the calcium content of most food 
categories did not vary among cities, nor did 
it vary significantly with time. Calcium anal- 
yses of dietary components were performed for 
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Figure 1. Daily intake of strontium-90 in Tri-City diet 
1960—January 1966 


{ the third time recently, and further confirmed Previous coverage in Radiological Health 
this result (2). Calcium analyses were there- Data and Reports: 
fore discontinued and average calcium content : 
' Period Issue 
of foods was computed and used to estimate Sixteenth sampling 
the average annual intake of this material. (February-April 1964) December 1964 
: : : : Seventeenth sampling 
Details of the sampling system and a discussion (July-September 1964) March 1966 
of the results obtained have been previously Eighteenth sampling 
summarized (3). (August-—October 1964) June 1965 
Nineteenth sampling September 
Results of the November 1965 to January (November 1964—January 1965) 1965 
1966 sampling are presented in table 1. The Twentieth sampling 
variation with time of the daily intake of stron- ‘ Seen ee 1965) December 1965 
| tium-90 in the three cities is plotted in figure 1. “(May-July 1965) March 1966 
A discussion of cesium—137 intakes as reflected Twenty-second sampling 
in the Tri-City Diet Study is presented else- (August-October 1965) June 1966 
where (4). 


Table 1. Average dietary consumption and strontium-90 intake in Tri-City Diet, November 1965-January 1966 


















































New York City San Francisco Chicago 
Diet Calcium November 1965 December 1965 January 1966 
Food category (kg/yr) (g/yr) 
pCi/kg pCi/yr pCi/kg pCi/yr pCi/kg pCi/yr 
. I on icici wile Gis dno western a oalin 37 37.0 13.4+0.9 496 9.0+0.9 333 14.6+1.0 540 
ON, oon nwt nn weds ewckhwde 4oeabs 11 10.0 33.44+1.5 367 20.541.3 | 225 26.4+1.4 290 
l EEE SNS ET 43 15.0 22.4+0.6 963 4.4+0.4 189 8.9+0.4 383 
ns wc dhub Wadiee cua wi akieedadiee en 17 6.1 11.1+40.4 189 14.8+40.5 252 10.520.4 178 
: Milk--_- 221 234.4 17.6+0.2 3,890 4.5240.3 994 16.5+0.4 3,646 
Flour 43 8.6 13.2+40.4 568 3.7240.2 159 18.320.4 787 
Macaroni_. 3 0.7 9.4+0.4 28 11.4+0.5 34 12.0+0.5 36 
Rice 3 1.1 2.620.2 8 3.4240.3 10 4.440.3 13 
TEES OE IIE TE OS 3 2.9 8.0+42.0 24 28.141.7 84 16.7+41.4 50 
hel oe Wes nm ahiontinuiebenkle 68 12.6 7.343.0 496 3.1240.3 211 3.4240.6 231 
a ci a ie a baste En iniwtndtninenellimasiaas ditt 45 5.8 8.820.5 396 3.120.5 140 7.320.5 328 
ETT SDS, RAS, 5 26 1.3 7.8240.2 203 2.3+20.1 60 2.2+0.1 57 
3 aS SRS SR Oe ae Ie 19 1.7 5.220.2 99 4.520.3 86 3.840.3 72 
‘ EL 8 ERE 20 4.2 14.140.5 282 4.8+40.4 96 14.3+0.6 286 
1 Meat, fish, poultry, shellfish, and eggs. ___._...-_--- 99 OR ESS, ak Roy et eg Se re * 363 
1 Annual intake, pCi/yr-_--..- AS eS FD ne nil ee ee a”. ioe ... 2 ees | 7,260 
d edly tates. POW Ger mic ois tee scancaecccce Jasee--s0es eG eee ae tll ES ees 19.9 
7 Strontium-90/calcium, pCi/g---...........-.------ esta er~ | tients eat | higcine tienes | 22.0 - bids eer ined 7.9 | diseeinewed } 19.0 
| 
* Estimated as 5 percent of total intake. 
~] 
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2. Estimated daily intake of radionuclides in 


California diets 
September—December 1965 


pital in each of the 20 geographic areas of 
interest (figure 2). 
Hospitals were chosen as the source of diet 





samples under the hypothesis that their diets 
are as “reasonably representative” as any other. 
General hospitals, operating with trained 
dieticians, exist in each of the 20 selected 
areas. There is good reason to believe that 
hospitals utilize foods which are marketed in 
their respective communities. Also, working 
relations for entry into hospitals existed 
through the State Bureau of Nutrition and 
Hospitals. 


Bureau of Radiological Health 
California State Department of Public Health 


Since January 1964, the Bureau of Radio- 
logical Health, California State Department 
of Public Health, has made estimates of radio- 
nuclide levels in the diets of Californians (5). 

Recognizing that a “standard” or “typical” 
diet does not exist due to variations in individ- 
ual tastes, an effort was made to select a diet 
which was reasonably representative of the 
food consumed in a given area. This objective 
was met by utilizing the “house” diet of a hos- 


Sampling procedure 


In general, the sampling procedure is the 
same at each hospital. Samples are collected 
every 2 months at each facility. Each sample 
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Figure 2. California diet sampling stations 
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represents the edible portion of a regular meal Analytical procedures 


(the standard diet) for a full 7-day week (21 After weighing at the Laboratory, each sam- 

consecutive meals). ple is homogenized and gamma scanned, then 
After each sample is collected, it is suitably dried and ashed prior to analysis for stron- 

preserved and shipped to the Sanitation and _ tium-89, strontium-90, radium-226, and stable 

Radiation Laboratory of the State Department _— calcium, potassium, strontium, and sodium. 

of Public Health. Accompanying each sample : ; 

is a record prepared by the dietitians indicating Data and discussion 

the types and quantities of food included. The resultant estimates of daily intake of 


Table 2. Estimated daily intake of radionuclides in California diets, September-—October 1965 * 














Con- Intake, pCi/capita e day Intake, g/capita « day 
sumption a 
City (ke/ | | | { 
capitae Stron- | Radium- |Cesium-137|) Zirco- Manga- |Cerium-141} Potas- | Sodium Calcium Stable 
day) > tium-90 226 | nium-95 nese-54 | cerium-144 sium ¢ strontium 
Bakersfield__......... 2.2 8 0.9 38 0 0 12 2.8 4.0 1.1 0.002 
0 a ae 2.1 10 0.6 49 5 4 4 2.1 4.0 0.9 <0.001 
| RAR ap ee 1.6 ll 1.2 60 9 0 0 2.2 3.7 0.8 0.001 
NG Ret 2.0 9 1.2 44 2 0 2.5 4.0 0.7 0.003 
Crescent City.......-- 2.4 19 0.4 (4) (4) (4) (4) 3.1 5.3 1.1 0.001 
RS res 2.0 24 0.2 82 7 0 0 2.6 2.3 1.6 0.001 
| Pree 2.1 14 0.3 106 18 3 2.2 3.5 0.9 0.002 
Los Angeles__..._....- 2.6 7 0.5 (4) (4) (4) (4) 2.5 3.4 0.8 0.002 
id tics knwumnoe 1.6 8 0.5 39 7 0 0 1.9 2.7 0.7 0.001 
ch watch dokeone 1.2 4 0.5 37 4 0 0 3.6 2.0 0.4 <0.001 
dc enwrnead 1.7 7 0.4 50 3 0 0 2.2 3.7 0.6 <0.001 
Seeramente..........» 2.5 13 0.8 56 4 0 18 2.8 5.2 1.1 0.001 
GREE 2.4 6 0.3 57 0 | 0 0 3.0 4.4 0.9 0.002 
San Bernardino- --__-- 2.0 9 0.4 44 4 | 0 0 2.6 3.7 1.2 0.003 
| See 1.7 6 0.8 48 3 0 0 2.2 1.9 0.6 0.001 
San Luis Obispo._---.-- S| 6 0.6 17 3 4 ll 2.0 3.1 0.6 0.001 
Santa Barbara-----_--- 2.1 6 0.3 67 2 0 0 2.6 4.0 0.9 0.902 
Santa Rosa____._- od 2.3 12 0.8 54 7 0 0 2.2 3.3 1.0 0.001 
ERS 2.0 8 0.4 51 4 0 0 2.3 4.7 0.7 0.002 
REE 2.1 12 <0.1 40 2 0 0 2.0 2.4 1.7 0.001 






































® Based on analyses of Hospital Standard Diets located in listed cities. Strontium-89 not detectable. 
> Kilograms of food per person per day in this diet. 

¢ Natural potassium contains 0.0119 percent of radioactive potassium-40. 

4 Sample lost. 


Table 3. Estimated daily intake of radionuclides in California diets, November-December 1965 * 




















Con- Intake, pCi/capita « day Intake, g/capitae day 
sumption } 
City (kg/ 

capitas Stron- Radium- |Cesium-137| Zirco- Manga- |Cerium-141| Potas- Sodium Calcium Stable 

day) * tium-90 226 nium-95 nese-54 | cerium-144 sium ¢ strontium 
Bakersfield ____...-_-- 2.2 7 0.3 27 4 0 2 2.4 3.5 1.0 <0.001 
| TAS 2.0 10 0.7 42 1 0 0 2.2 3.7 0.9 0.002 
| ESSE 1.9 32 1.7 55 7 0 3 2.6 3.7 2.0 0.001 
I i ecaceiasistitiinsy wal 2.0 i) 0.8 32 6 0 4 2.2 3.7 1.0 0.002 
Crescent City......-.-- 2.3 16 0.5 67 11 0 4 2.8 5.0 1.5 0.001 
dan cid uk tehicinneduen 2.2 16 0.7 58 4 0 7 2.5 3.7 5.9 0.001 
| SEES 2.3 37 0.6 56 5 1 0 2.4 4.0 1.5 0.003 
Los Angeles........... 3.0 11 0.8 49 10 0 2 2.9 4.0 0.8 0.003 
EE th: catcmtmamainiedel 1.8 12 0.2 42 8 0 0 2.4 2.3 1.0 0.001 
| RS ee. 1.3 8 0.3 40 6 0 0 1.5 2.0 0.5 0.001 
ee 2.0 11 0.9 44 7 0 5 2.8 4.9 1.0 0.002 
Sacramento. - - - - ae 2.8 18 1.8 71 1 0 0 3.4 5.7 1.5 0.002 
Salinas. -_.--.-- 2.4 10 0.9 48 3 0 5 2.8 4.6 0.8 0.001 
San Bernardino - - ad 2.0 18 0.9 71 1 0 12 2.7 4.0 1.0 0.001 
Ne 2.0 8 0.5 27 5 0 1 2.4 2.5 0.8 0.001 
San Luis Obispo-----_-- 1.4 9 0.6 45 6 0 0 2.0 3.0 0.7 0.001 
Santa Barbara- ------- (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) (4) 
Santa Rosa__........- 2.5 11 0.4 55 8 0 5 2.8 3.2 1.4 0.001 
Susanville. _.........- 2.0 8 0.2 48 7 0 0 2.3 3.7 0.7 0.001 
NST aa 2.4 10 1.1 52 11 0 0 2.9 3.3 1.5 0.003 



































* Based on analyses of Hospital Standard Diets located in listed cities. Strontium-89 not detectable 
> Kilograms of food per person per day in this diet. 

¢ Natural potassium contains 0.0119 percent of radioactive potassium-40. 

4 Sample lost. 
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radionuclides in the California diets are given 
in table 2 (September—October 1965) and table 
3 (November—December 19€5). 

It should be noted that levels of radioactivity 
were observed to be far below those levels for 
which consideration should be given to pro- 
tective health action. Average strontium—90 


intake in the California diet for the September— 
October 1965 period varied from 4 to 24 pCi/ 
capita * day with an average of 10 pCi/capita » 
day. Cesium—137 intakes varied from 17 to 106 
pCi/capita* day with an average of 52 pCi/ 
capita * day. For the November—December 1965 
sampling period, the strontium-90 intake 
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varied from 7 to 37 pCi/capita* day with an 
average of 14 pCi/capita* day. Cesium-137 in- 
takes varied from 27 to 71 pCi/capita* day with 
an average of 49 pCi/capita* day. A summary 
of strontium-90 and cesium-137 intake trends 
in California diets from January 1964 through 
December 1965 is given in figures 3 and 4. 


Previous coverage in Radiological Health Data 
and Reports: 


Period Issue 


January—June 1964 March and April 1965 
July—October 1964 September 1965 
November—December 1964 December 1965 
January-April 1965 March 1966 


May-August 1965 June 1966 
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Section II. Water 


The Public Health Service, the Federal 
Water Pollution Control Administration, and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross alpha and gross beta radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Serv- 
ice Drinking Water Standards (1). These 
Standards, based on consideration of Federal 
Radiation Council (FRC) recommendations 

2-4), set the limits for approval of a drinking 


Program 
Radiostrontium in Tap Water, HASL 


water supply containing radium-226 and stron- 
tium-90 as 3 pCi/liter and 10 pCi/liter, re- 
spectively. Limits may be higher if total intake 
of radioactivity from all sources indicates that 
such intakes are within the guidelines recom- 
mended by FRC for control action. In the 
known absence' of strontium-90 and alpha 
emitters, the limit is 1,000 pCi/liter gross beta 
activity. Surveillance data from a number of 
Federal and State programs are published 
periodically to show current and long-range 
trends. Water programs previously reported 
in Radiological Health Data and Reports are 
listed below. 





1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha emitters and strontium—90, respec- 
tively. 


Period reported Last presented 


May and July—November 1965 
1962-1964 


June 1966 


Colorado River Basin Sampling Network November 1965 


Coast Guard Water Sampling Program 1964 November 1965 
Drinking Water Analysis Program 1962 October 1965 
Florida Water Sampling Program 1964 November 1965 


Kentucky Water Sampling Program 

Minnesota Surface Water Sampling Program 

New York Surface Water Sampling Program 

North Carolina Water Sampling Program 

Lower Columbia River Radiological Survey 
in Oregon 

Washington Surface Water Sampling Program 


May 1963-June 1964 
July—December 1965 
June—December 1965 
1964 


March 1965 
July 1966 
June 1966 
November 1965 


August 1963-—July 1964 
July 1964—June 1965 


October 1965 
May 1966 


REFERENCES (3) FEDERAL RADIATION COUNCIL. Background 


material for the development of radiation protection 
standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 


(1) PUBLIC HEALTH SERVICE. Drinking water 
standards, Revised 1962, PHS Pub 956. Superinten- 
dent of Documents, U.S. Government Printing Office, 
Washington, D.C. 20402 (March 1963). 

(2) FEDERAL RADIATION COUNCIL. Radiation 
protection guidance for Federal agencies. Memor- 





andum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 
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standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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GROSS RADIOACTIVITY IN SURFACE WATERS OF THE 


UNITED STATES, MARCH 1966 


Basic Data Program 


Federal Water Pollution Control Administration 


Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Public Health Service 
Water Pollution Surveillance System. Respon- 
sibility for this activity was transferred to the 
Federal Water Pollution Control Administra- 
tion on December 31, 1965. Table 1 presents 
the current preliminary results of the alpha 
and beta analysis. The figures for gross alpha 
and gross beta radioactivity represent either 
determinations on composites or means of 
weekly determinations where composites were 
not made. The monthly means are reported 


zero pCi/liter, the mean is reported as zero; 
when the calculated mean is between zero and 
0.5, the mean is reported as <1 pCi/liter. The 
radioactivity associated with dissolved solids 
provides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes. Strontium-90 results are reported 
quarterly. The stations on each river are ar- 
ranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta activity in suspended-plus- 
dissolved solids in raw water collected at each 
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Figure 1. Sampling cocations and associated total beta activity (pCi/liter) in surface 
water, March 1966 
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analytical procedures was published in the June 
1966 issue of Radiological Health Data and 
Reports. 

Complete data and exact sampling locations 
are published in annual compilations (1-6) or 
are available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater, or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
the data, if needed. They reflect no public 
health significance as the Public Health Service 
drinking water standards have already pro- 
vided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. No discussion of gross 


radioactivity per gram of dissolved or suspend- 
ed solids for all stations of the Water Pollution 
Surveillance System will be attempted at this 
time. Comments are made only on monthly 
average values. Occasional high values from 
single weekly samples may be absorbed into a 
relatively low average. When these values are 
significantly high, comment will be made. 

During February and March, the following 
stations showed alpha radioactivity in excess 
of 15 pCi/liter on dissolved solids: 


North Platte River: Henry, Nebraska 
Arkansas River: Ponca City, Oklahoma 
Arkansas River: Coolidge, Kansas 


Julesburg, Colorado, on the South Platte 
River showed an alpha radioactivity value in 
excess of 15 pCi/liter on dissolved solids. 





















































Table 1. Radioactivity in raw surface waters, March 1966 
Average beta activity Average alpha activity Average beta activity | Average alpha activity 
(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Station Station 
Sus- Dis- Total | Sus- Dis- Total Sus- | Dis- Total Sus- Dis- | Total 
pended) solved pended) solved pended! solved pended) solved 
Animas River: Missouri River: | | 
Cedar Hill, N. Mex_- 18 9 27 3 2 | 5 Williston, N. Dak-_-- 3 | 20 23 1 2 
Arkansas River: | Bismarck, N. Dak__-| 4 vi ws) 1 2 3 
Coolidge, Kans_-_-_-_- 2 68 7 <1 41 | 41 St. Joseph, Mo_-_-_-- 25 20 | 45 9 3 12 
Ponca City, Okla_-_- 14 21 35 3 13 16 || North Platte River: 
Atchafalaya River: Henry, Nebr......-. 2 40 42 <1 28 28 
Morgan City, La___- 47 8 55 12 1 13 || Ohio River: 
Big Horn River: ee 3 7 10 1 0 1 
Hardin, Mont__-_--_- 72 15 87 35 4 39 || Pend Oreille River: 
Chena River: Albeni Falls Dam, 
Fairbanks, Alaska _ _- <1 3 3 0 <i <i bike cadnwe 1 4 5 0 <i <1 
Clearwater River: | Platte River: 
Lewiston, Idaho_-__- 4 3 7 <i 0 | <i Plattsmouth, Nebr__- 18 24 42 5 7 12 
Clinch River: Potomac River: 
Clinton, Tenn__-___-. 0 5 5 0 0} 0 Washington, D. C_- 0 3 3 1 0 1 
Kingston, Tenn *____ s 454 462 0 2 2 || Rainy River: 
Colorado River: Baudette, Minn ---- 5 11 16 <1 0 <1 
SS ao 34 19 53 9 5 14 || Red River, North: 
DD, Siieerenn+s 1 21 22 0 5 5 Grand Forks, 
Parker Dam, Calif- 4 Sere 7 31 38 1 2 3 
(=r 2 24 26 0 5 5 || Red River, South: 
Columbia River: Alexandria, La------ 7 12 19 2 0 2 
Wenatchee. Wash_-_-_ 1 6 7 0 1 1 || Rio Grande: 
Pasco, Wash *______- 30 164 194 0 <1 <1 Alamosa, Colo- - - --_- 82 14 96 27 4 31 
Clatskanie, Ore____-- 7 34 41 0 <i <1 El Paso, Tex........ 3 12 15 <1 3 3 
Cumberland River: San Joaquin River: 
Cheatham Lock, Vernalis, Calif.___--- 2 10 12 0 2 2 
Pade tanbewe 1 4 5 0 0 0 || San Juan River: 
Delaware River: Shiprock, N. Mex- -- 91 12 103 34 2 36 
Philadelphia, Pa____- 3 6 9 0 0 0 || Savannah River: 
Green River: Port Wentworth 
Dutch John, Utah__- 1 19 20 0 2 2 cis a aibaliee d 1 6 7 0 0 0 
Hudson River: Snake River: 
Poughkeepsie, N. Y_-. 1 6 7 0 0 0 Payette, Idaho_____. 2 11 13 0 3 
Illinois River: awawai, Wash____- 1 6 7 0 2 2 
are 12 11 23 3 1 4 || South Platte River: 
ansas River: Julesburg, Colo___._. 9 72 81 2 38 40 
DeSoto, Kans__-____- 12 23 35 3 5 8 || Susquehanna River: 
Little Miami River: Conowingo, Md__-_-_. 1 3 4 0 0 0 
Cincinnati, Ohio____- 1 9 10 0 1 1 || Tennessee River: 
Maumee River: Chattanooga, Tenn _- 1 6 7 0 0 0 
Toledo, Ohio__....-- 0 9 9 0 1 1 || Wabash River: 
Mississippi River: New Harmony, Ind_. 3 8 11 <1 1 1 
it. Paul, Minn---.-..- 2 19 21 0 1 1 || Yellowstone River: 
E. St. Louis, Ill. _..- 12 11 23 2 1 3 Sidney, Mont-----__. 52 20 72 12 3 15 
New Roads, La_- -- -- 7 10 17 1 0 1 
New Orleans, La__--| 12 9 21 4 0 4 || Maximum. __.-__-_--- | 91] 454] 462/ 35 41 41 
Minimum... ......--- | o| 3 | 3 | 0 0 | 0 

















* Gross beta activity at this station mer not be directly comparable to gross beta activity at other stations because of the possible contribution of 
i 


radionuclides from an upstream nuclear faci 
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ty in addition to the contribution from fallout and naturally occurring radionuclides, common to all stations. 


515 








During March, the following stations showed 
a beta radioactivity in excess of 150 pCi/liter 
on dissolved solids: 


Columbia River: Pasco, Washington 
Clinch River: Kingston, Tennessee 


Since the value reported for Kingston, Ten- 
nessee, is somewhat unusual when compared 
with data for the previous 12 months, spe- 
cial attention has been directed to this station. 
Further determinations of specific radio- 
nuclides are being carried out. 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product activity resulting from intru- 
sions into the atmosphere. To date, this sur- 
veillance has been confined chiefly to gross beta 
analysis. Although such data are insufficient 
to assess total human radiation exposure from 
fallout, they can be used to determine when 
to modify monitoring in other phases of the 
environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Program 
National Air Sampling Network 





1. Radiation Surveillance Network 
May 1966 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN), which regular- 
ly gathers samples from 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 

Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 
Maryland, for laboratory analysis. The alert- 
ing function of the network is provided by 
routine field estimates of the gross beta activity 
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Period reported 
January—March 1966 


trends of atmospheric radioactivity in the West- 
ern Hemisphere. These include data from ac- 
tivities of the U.S. Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organ- 
ization. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson (1) 
in 1962. In addition to those programs pre- 
sented in this issue, the following program was 
previously covered in Radiological Health Data 
and Reports: 


Last presented 
July 1966 


made by the station operators prior to sub- 
mission of the samples. When high air levels 
are reported, appropriate officials are promptly 
notified. Compilation of field estimates and 
laboratory confirmations are reported else- 
where on a monthly basis (2). A detailed de- 
scription of the sampling and analytical pro- 
cedures was presented in the December 1965 
issue of Radiological Health Data. 

Table 1 presents the monthly average gross 
beta activity in surface air and deposition by 
precipitation during May 1966. Time profiles 
of gross beta in air, dating back to 1958, for 
eight RSN stations are shown in figure 2. 

Fresh fission products, presumably from the 
Chinese nuclear test of May 9, 1966, were de- 
tected in network samples collected during 
May. The first appearance of fresh fission 
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Figure 1. Radiation Surveillance Network sampling stations 


products was at Boise, Idaho, on May 14. This 
sample contained a gross beta activity of 2.39 
pCi/m* at the time of collection. The highest 
air activity was observed at Phoenix, Arizona, 
on May 20. Extrapolated to time of collection, 


mated age of 12 days. 

Gross beta activity in precipitation samples 
also increased sharply during the latter half 
of May. The greatest depositions of radio- 
nuclides by precipitation were observed in the 








the activity was 14.87 pCi/m*, with an esti- midwest: 

Date Precipita- | Concentra- | Deposition 

May Location tion tion (pCi/m?) 

1966 (mm) (pCi/liter) 
18 Indianapolis, Ind___--_- 1.8 56.0 102 
18 Springfield, Ill. _____-- 22.5 9.7 219 
23 Minneapolis, Minn _--- 4.3 10.4 44 
17 Jefferson City, Mo-_-_- 2.0 124.9 250 
18 Jefferson City, Mo--_- 21.5 9.5 204 
21 Jefferson City, Mo--_- 19.0 1.0 19 
24 Jefferson City, Mo-_--- 18.4 4.8 89 
20 Lincoln, Neb--.------ 10.0 3.4 34 
23 Lincoln, Neb---.-_-_---- 56.3 1.0 57 

















However, high depositions were observed in 
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other parts of the country such as Augusta, 
Maine, and various cities in the South. 
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Table 1. Gross beta activity in surface air and precipitation, May 1966 















































Air surveillance Precipitation 
Number of oe». 
. samples Last 
Station location Gross beta activity, pCi/m* profile 
in Total Total 
RHD&R depth deposition 
; } (mm) (nCi/m?) 
Air Pptn Maximum Minimum Average * 
Ala: PIR ic wisiis wets cetaken bene 31 10 2.40 <0.10 <0.51 | Feb 66 88 <25 
; EE eres ae a 31 0.35 <0.10 <0.11 | Jun 66 (>) 
PE cciavngcaunnaawktt cpummasl 25 5 0.16 <0.10 <0.11 | Mar 66 13 <3 
DO” a es ore ll 0.44 <0.10 <0.13 | Jul 66 | (>) 
ane: Be Se (°) Apr 66 (>) 
SE eres 27 24 <0.10 <0.10 <0.10 | Jul 65 263 <53 
tdgn nn ckekagoes sewer n seen en 6 <0.10 <0.10 <0.10 | May 66 (>) 
PRT cintpineccussdeaseedetwete te 19 <0.10 <0.10 <0.10 | Sep 66 (b) 
ot RR ane es ie SE ates 31 <0.10 <0.10 <0.10 | Aug 66 (b) 
ear rae 31 <0.10 <0.10 <0.10 | Jan 66 (>) 
Ariz: FS GR ARES Seen ee peer ee 29 14.87 <0.10 <2.63 | Jul 65 (>) 
Ark: OO 3 Se RES. 20 2 1.73 <0.10 <0.42 | Mar 66 28 <6 
Calif: | SEER SE Sar ae 28 1 | 0.59 <0.10 <0.13 | May 66 3 <i 
NN ol ot uke dG eubasid 28 1 | 2.30 <0.10 <0.47 | Sep 66 | 7 <i 
C.2: jE ENS ES 23 | 0.98 <0.10 <0.17 | May 66 () 
Colo It Ss sna dea so 0c pte Weck’ oh hate nthe gt 28 | 2 14.29 <0.10 <1.35 | May 6¢€ 8 <2 
Conn EE Ss 5 a 31 | 11 0.69 | <0.10 <0.20 | Apr 66 82 <21 
Del: in i RR a ee: 26 1.83 | <0.10 | <0.26 | Feb 66 | (») 
D.C: RIESE ERE aE: 30 | 9 | 1.42 | <0.10 | <0.26 | Aug 66 | 90 <35 
Fla: ERR So Gyr aie } 31 21 2.03 <0.10 <0.55 | Mar 66 | 352 <253 
SN i Bldin Sicks wa Gach ati lahan wi watiown 29 | s 2.95 <0.10 | <0.86 | Apr 66 | 163 <51 
} 
Ga I asiidaithins de cine eee Puaiedn oe | (*) | Jan 66 (>) 
Guam: INES, «noes rn chicas Bisa ate, disses s | 31 <0.10 | <0.10 | <0.10 | Feb 66 | (b) 
EEE SE OLAS 31 1 2.85 | <0.10 <0.46 | Jul 66 20 <4 
Idaho | Se alia an RE aaa AF 31 1 4.91 <0.10 <0.65 | Jul 66 1 <1 
Ill: Springfield___.___- 30 5 2.75 <0.10 <0.35 | Aug 66 110 <270 
Ind: Indianapolis | 31 | 7 3.40 <0.10 | <0.35 | Jan 66 37 <115 
Iowa: a etd | 30 8 0.45 | <0.10 <0.15 | May 66 143 <37 
Kans TL RES aS eS ae eee | 31 4 8.95 <0.10 | <0.53 | Mar 66 | 24 <12 
Ky: Frankfort eR ee te 29 | 7 1.81 <0.10 | <0.20 | Aug 66 48 <59 
La: ee OCR EES. | 31 | 10 2.33 | <0.10 | <0.39 | Aug 66 | 206 <63 
Maine: Rs a rt emeieiee 31 | 10 | 0.59 | <0.10 <0.18 | Sep 66 85 <96 
| ona cea 2 Rag ic PER PILAR EE 24 6 0.61 | <0.10 <0.15 | May 66 74 | <15 
Md: | RE ETE LTTE. 28 | 10 1.48 | <0.10 | <0.23 | Apr 66 74 | <22 
oc ET RE 27 | 1,88 | <0.10 | <0.27 | Jul 66 (») 
Mass: Lawrence. _____ FLT REE, LTE 31 11 0.75 <0.10 <0.20 Feb 66 87 | <21 
LTE ELE LE EEE: } 29 10 1.28 <0.10 <0.19 | Jun 66 93 | <19 
Mich: RE Spee Mae 31 7 0.57 <0.10 <0.15 | Jul 66 50 <21 
i  — “iReader. senha 28 11 0.92 | <0.10 | <0.17 | Feb 66 47 | <67 
a ee er 29 | 7 3.19 | <0.10 <0.60 | Sep 66 187 | <75 
Mo: Ue SS ae Se 31 9 5.92 | <0.10 | <0.53 | Jan 66 lll | <576 
Mont: eT ae, ee ee 30 | 4 8.97 <0.10 | <0.75 | Jun 66 15 | <4 
Nebr: PESTS Ae TE es we ae 26 6 3.68 <0.10 <0.31 | Jan 66 | 88 | <99 
Nev: "SP a5 Se } 28 6.38 | <0.10 | <1.74 | Apr 66 (b) } 
N.H: NS IE EE TE | 28 0.79 <0.10 | <0.18 | Aug 66 (>) | 
N.J: SS eS sap aS: 31 s& 1.25 <0.10 <0.23 | Sep 66 | 33 | <8 
i “To | art areata eee 30 1 9.91 <0.10 <1.94 | Jun 66 <1 
SE cll og PS SE 24 9 0.30 <0.10 | <0.15 Jan 66 | 68 | <16 
iste sin na dasucacuddosned 31 0.39 | <0.10 | <0.13 | “fay 66 (>) 
>). _ an eee 27 0.56 <0.10 | <0.17 | Jun 66 | (>) 
N.C | RE Oar ee 31 | 9 | 1.64 | <0.10 | <0.40 | May 66 | 81 <106 
N.Dak NR Bee aL. due whainnkivoewed 29 | 5 3.06 <0.10 | <0.24 | Aug 66 | 26 <6 
Ohio RE EL DEALS 20 | 1.53 | <0.10 | <0.18 | Feb 66 | () 
CNG ieee... Danae maigis iiiaws oacaleemaped | 31 9 | 2.61 | <0.10 <0.34 | Sep 66 89 | <34 
os | SSR eS MaRS 30 | 5 1.09 | <0.10 | <0.17 | Apr 66 49 | <13 
Okla: a Sa 30 | 3 5.62 | <0.10 <0.61 | Jul 66 10 <52 
Si a ed te cata ay | 28 | 4 1.47 <0.10 | <0.27 | Apr 66 56 | <21 
Ore: SS SES, CSE AT Rg mes } 26 7 | 12.17 | <0.10 | <0.64 | Jan 66 16 | <3 
Pa: tint hs cn cadh ch cdtunsimwkeie 29 1 0.80 | <0.10 | <0.19 | Jan 66 | 5 | 1 
P.R: ia a 29 3 3.07 | <0.10 <0.44 | Sep 66 116 | <23 
R.I: ETT RT TIS 28 | 10 | 0.87 <0.10 | <0.19 | Jul 66 | 103 <22 
S.C: eR RE Ree ee 28 | 10 1.93 <0.10 | <0.39 | Jun 66 116 | <32 
S.Dak: Me 2S “aii aR | 31 3 4.01 <0.10 | <0.40 | Jun 66 25 <5 
Re PRA ay mae , a 7 | 2.52 | <0.10 | <0.40 | Jul 66 76 <86 
Tex Me SR Ra a 6 pee 30 10 | 0.83 | <0.10 | <0.28 | Feb 66 | 85 <23 
itl Et sab aga ER 31 6.06 <0.10 | <0.95 | Aug 66 | (>) 
Utah Salt Lake City.......<....-- 30 2 9.72 <0.10 1.05 | Sep 66 | 17 <4 
Vt: I ai tila deel Dies con feces deems intial emma 31 12 0.83 <0.10 | <0.18 | Mar 66 | 61 <13 
Va ER aE ee 31 8 1.68 | <0.10 | <0.34 | Mar 66 68 | <14 
Wash SEN Ss ae et 31 8 | <0.10 <0.10 <0.10 | Mar 66 | 26 | <5 
a  S es 31 | 3 6.03 <0.10 <0.47 | Feb 66 15 | <8 
W.Va I 30 | 7 | 0.69 | <0.10 <0.21 | Jun 66 53 | <14 
Wis SEI ORS RYE 9 ee | 28 5 | 1.39 | <0.10 | <0.17 | Mar 66 71 | <42 
Wyo SICAL Re 31 | 2 | 7.82 | <0.10 <0.80 | Apr 66 | 3 | <2 
a eae aaa: | 2,039 379 | 14.87 | <0.10 <0.41 70 | <47 
! 





* The monthly average is calculated by weighting the individual samples with length of sampling period. Values of <0.10 are assumed to be 0.10 for 
averaging purposes. If more than 10 percent of the samples contain <0.10 pCi/m*, a less-than sign is placed before the average. 

> Indicates no report received. 

¢ Indicates no precipitation sample collected. 
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Figure 2. Monthly and yearly profiles of beta activity in air—Radiation Surveillance 
Network, 1960—May 1966 
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2. Canadian Air and Precipitation Monitoring 
Program, May 1966 * 


Radiation Protection Division 
Department of National Health and Welfare 
Ottawa, Canada 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout 
Study Program. Twenty-four collection sta- 
tions are located at airports (figure 3), where 
the sampling equipment is operated by person- 
nel from the Meteorological Services Branch 
of the Department of Transport. Detailed dis- 
cussions of the sampling procedures, methods 
of analysis, and interpretation of results of 
the radioactive fallout program are contained 
in reports of the Department of National 
Health and Welfare (3-7). 

A summary of the sampling procedures and 
methods of analysis was presented in the De- 
cember 1965 issue of Radiological Health Data. 


1 Prepared from information and data in the June 
1966 monthly report “Data from Radiation Protection 
Programs,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 


Surface air and precipitation data for May 
1966 are presented in table 2. 


Table 2. Canadian gross beta activity in surface air 
and precipitation, May 1966 





Air surveillance | Precipitation 
| measurements 





| 


Station | Num- Activity, pCi/m* Average| Total 

| ber of | _| concen- | deposi- 

|; sam- | tration tion 

| ples | Maxi-| Mini-| Aver-| (pCi/ |(nCi/m?*) 

| mum | mum age liter) 

Calgary 31 2.2 0.0 0.4 194 16.0 
Coral Harbour 30 0.2 0.0 0.1 418 4.0 
Edmonton 31 2.6 0.0 0.2 143 4.6 
Ft. Churchill 31 0.2 0.0 0.1 107 3.0 
Ft. William j 31 1.3 0.0 0.1 158 6.8 
Fredericton E 31 1.0 0.0 0.2 117 6.8 
Goose Bay 31 0.2 0.0 0.0 38 3.5 
Halifax r 31 0.5 0.0 0.2 232 11.9 
Inuvik 31 0.1 0.0 0.1 34 1.0 
Montreal 31 0.4 0.1 0.2 60 2.3 
Moosonee . 31 0.3 0.0 0.1 72 3.9 
Ottawa : 30 2.7 0.0 0.3 115 6.9 
Quebec 31 0.6 0.0 0.2 NS NS 
Regina__ 31 1.4 0.1 0.2 563 | 14.0 
Resolute | 31 0.2 0.0 0.1 NS NS 
St. John’s Nfid : 30 0.2 0.0 0.1 | 76 8.0 
Saskatoon 31 0.3 0.0 0.1 249 3.7 
Saulte Ste. Marie 31 0.3 0.0 0.1 54 3.3 
Toronto-_. . 31 1.5 0.0 0.2 229 11.0 
Vancover 31 7.8 0.0 0.3 59 2.2 
Whitehorse é 31 0.2 0.0 0.1 122 0.7 
Windsor : es 18 2.6 0.0 0.4 296 15.7 
Winnipeg 31 5.5 0.0 0.3 1,473 56.1 
Yellowknife : 31 0.4 0.0 0.1 143 2.4 
Network summary 1.4 0.0; 0.2 225 8.5 


NS, no sample collected. 
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Figure 3. Canadian air and precipitation sampling stations 
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8, Mexican Air Monitoring Program 
January and February 1966 


‘National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién 
Nacional de Energia Nuclear (CNEN), México 
City. From 1952 to 1961, the network was di- 
rected by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN 
(8-12). 

In 1961, the CNEN appointed its Division of 
Radiological Security (DRS) to establish a new 
Radiation Surveillance Network. This network 


consists of 17 stations (figure 4), twelve of 
which are located at airports and operated by 
airline personnel. The remaining five stations 
are located at México City, Mérida, Veracruz, 
San Luis Potosi, and Ensenada. Staff members 
of the DRS operate the station at México City, 
while the other four stations are manned by 
members of the Centro de Prevision del Golfo 
de México, the Chemistry Department of the 
University of Mérida, the Institute de Zonas 
Desérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas 
of the University of Baja California, respec- 
tively. 
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Figure 4. Mexican air sampling station locations 
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Details of sampling procedures were pre- 
sented in the December 1965 issue of Radio- 


logical Health Data. Samples are counted a 
minimum of 3 days after collection to allow 
for decay of radon and thoron. Data are not 
extrapolated to time of collection. 

The maximum, minimum, and average fission 
product beta activity concentrations in surface 
air during January and February 1966 are 
presented in tables 3 and 4, respectively. 


Table 3. Mexican gross beta activity of 
airborne particulates, January 1966 




















| Number Gross beta activity, pCi/m' 
Station tes 
samples | | | 
| Maximum | Minimum | Average 
| 

ee ee ae eer: | 
RIL 5 0 <neenacccdon | NS 
Ciudad Juérez._.......- 18 0.9 | 0.3 | 0.6 
Chihuahua... ._......-- | 17 | | 0.4 | 0.7 
ee } 11 | 0.8 | 0.1 | 0.4 
Guadalajara_-____- 2 | 0.3 | 0.1 | 
Guaymas 21 0.5 | 0.2 | 0.4 
ee 13 0.4 | 0.1 | 0.2 
Matamoros._..._...__-- } 9 1.0 | 0.1 | 0.3 
Magatl4n__._.....__.--- 12 0.3 | 0.2 | 0.2 
| REEL 11 | 0.2 | 0.1 | 0.1 
Mexico, D.F_........--- 14 | 1.2 | 0.1 | 0.3 
Nuevo Laredo________-_- 3 | 0.2 0.2 | 0.2 
San Luis Potosi_________| 15 | 0.6 0.1 0.2 
ee... . 0.1 0.1 | 0.1 
eR 12 | 0.3 | 0.1 | 0.2 
Tuxtla Gutierrez _-_-_-.--_- NS | 
_ Sa a 20 0.5 | 0.1 0.2 


aad 


NS, no sample collected, station temporarily shut down. 








Table 4. Mexican gross beta activity of 
airborne particulates, February 1966 














Number Gross beta activity, pCi/m* 
Station of 
samples 
Maximum | Minimum | Average 
ES Pee 0.4 0.3 0.3 
Ciudad Judérez__........ 20 1.0 0.4 0.7 
Chihuahua--........--- 8 1.0 0.3 0.6 
| ERLE T te NS 
Guadalajara_........... 10 0.7 0.1 0.3 
Pi adhitcuceshoos 5 0.6 0.4 0.5 
eas cine atau 15 0.4 0.1 0.2 
Matamoros............- NS 
Se 11 0.3 0.2 0.3 
SR 8 0.3 0.1 0.2 
cS) a 20 0.4 0.1 0.2 
Nuevo Laredo.__......- 1 0.1 <0.1 <0.1 
San Luis Potosi_.......- 1 0.1 <0.1 <0.1 
, SER eas 5 0.4 0.1 0.1 
: ae 18 0.4 0.1 0.2 
Tuxtla Gutierrez. _..___- NS 
WEN tic cdnnssred 15 0.3 0.1 0.2 














NS, no sample collected, station temporarily shut down. 
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4, Pan American Air Sampling Program 
May 1966 


Pan American Health Organization 
and U.S. Public Health Service 


Gross beta activity in air is monitored by 
countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. The sampling 
equipment and analytical services are provided 
by the Division of Radiological Health, PHS, 
and are identical with those employed by the 


Radiation Surveillance Network. The air sam- 
pling positions are shown in figure 5. 


The May 1966 air monitoring results from 
the participating countries are given in table 5. 


Table 5. PAHO gross beta activity in surface air, May 1966 











|Number| Gross beta activity, pCi/m* 

Station location . Me ee ee 
samples 

Maximum , Minimum | Average * 
Argentina: Buenos Aires... 15 <0.10 <0,10 <0.10 
Chile: Santiago............ 23 <0.10 <0.10 <0.10 
Jamaica; Kingston......... 25 1,32 <0,10 | <0,32 
a! 16 <0.10 <0,10 <0,10 
Venezuela: Caracas....... 21 0,12 <0.10 <0.10 
West Indies: Trinidad...... 20 0.11) <0,10 <0.10 
Pan American summary....; 120 132} <0.10) <0,14 


® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If more than 10 percent of the samples contain 
<0.10 pCi/m', a less-than sign is placed before the average. 
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Figure 5. Pan American Air Network sampling stations 
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5. Fallout in the United States and Other Areas 
July-December 1965? 


Health and Safety Laboratory 
Atomic Energy Commission 


Monthly fallout deposition rates for stron- 
tium-90 are determined by the Health and 
Safety Laboratory (HASL) for 49 sites in the 
United States and 107 locations in other coun- 
tries. HASL data from all of the active United 
States stations and 35 other selected points in 
the Western Hemisphere (figure 6) covering 
the period from July through December 1965, 
are summarized in tables 6 and 7. All the 


° The data in this article were taken from Fallout 
Program Quarterly Summary Report, HASL 172:A-1- 
A-164; B-1—B-21 (July 1, 1966). 





stations of the 80th Meridian Network, except 
Washington, D.C., are represented. 

To facilitate the accurate storage, retrieval, 
and handling of data generated from the month- 
ly fallout collections network, all data obtained 
are transcribed onto punched cards. To ac- 
complish this transcription, several rigid cri- 
teria were applied to the data. One condition 
was that only monthly data were punched onto 
the cards. In the few cases where collections 
were incomplete or where collection times over- 
lapped calendar months, the data were cor- 
rected to yield monthly values by interpolation 
using rainfall and observed concentrations in 
rainfall as guides. Where any corrections to 
the data have been made, they are so indicated. 
In every case, the best estimate of the true 
strontium-90 deposition is listed. 


Table 6. Strontium-90 fallout in the United States, HASL, July-December 1965 





Sampling location and type of collection 


Deposition, nCi/m? 











| | 

| Aug Sept Oct Nov Dec 

yee 
Ala: EE <P RE Se (pot) 0.96 0.22 0.36 0.05 0.15 0.20 
ee on ee badhckewea in (col) | 0.35 0.40 0.29 0.05 0.12 NS 
a RS ie eee ee (col) 80.06 ®0.07 x 0.02 0.07 | 0.02 
ES eR RS Ae SSE? (col) 0.46 0.29 1.10 0.15 NS 0.46 
Ta ES PONS aaa (col) 0.25 0.29 0.14 0.28 | 0.06 | NS 
DEES bank olctwicknkeowten (col) | 0.27 0.31 1.55 NS 0.08 0.18 
ale a a .---(col) | 0.05 0.03 NS *0.02 | *0.01 0.01 

| | 
Calif: Ce menneeecadion (pot) | 0.05 0.05 0.11 0.01 0.54 | 0.09 
NE aS a ae ere (pot) 0.02 0.02 0.02 T 0.55 | 0.18 
San Francisco- (col) | 0.01 T 0.01 T 0.25 | 0.41 
Colo: I hee a ee iam (col) | 0.67 0.13 0.24 0.02 T | 0.61 
Fla: SE aaa (pot) | 0.36 0.43 0.29 0.18 0.04 0.08 
a NE ee RI (col) | 0.48 | 0.22 0.12 0.17 T | 1.12 
RR I cS oe ba nc eadeinw as aaa (col) | NS | 0.70 | 0.23 0.26 0.73 0.13 
UNS uit lane Adowhatekcdawil (pot) 0.39 | 0.14 0.20 0.25 |) 0.01 | 0.30 
Rage Sa SSE: SP oe <2 (col) | 0.16 0.14 0.13 NS | 0.25 0.10 
OS IE TIS SO (col) 0.07 T | 0.07 0.04 0.02 | 0.03 
Thi: a i ee ee (pot) | 0.36 0.39 | 0.59 0.15 | 0.07 | 0.17 
La: saline IO SEP (col) | 0.30 0.27 0.25 0.05 | 0.06 | 0.11 
Minn: Entereational Valle... .....5.....-..... (col) 0.56; 0.25; 0.44 0.07 0.05 | 0.04 
| 

Mo: | at Va ae (col) | 0.32 | 0.28 0.58} 0.18 0.20] 0.08 
Mont: | SRE tees (col) | 0.53 0.29 0.25 0.10 0.05 | 0.05 
N.J: Ne ea eecee (pot) | 0.62 0.34 0.15 | 0.18 0.18 | 0.13 
N.Y: 7 EE Rea rack (pot) | 0.55 0.39 0.11 | 0.19 0.15 | 0.11 
N.Dak SRE TEED: See (col) | 0.46 0.30 0.30 NS 0.09 0.09 
Ohio: eS A aa P (pot) 0.18 0.30 6.54 0.03 0.11 | 0.06 
Okla 4 EE a re (pot) 0.63 0.71 | 0.17 0.06 0.07 0.44 
Rea ee viccbecscoar . NS 0.27 | 0.31 0.05 0.04 | 0.24 
Ore: a ee (col) | 0.05 0.32 0.02 0.10 0.11 | 0.22 
8.C: Columbia. -_......-- , btn baa ee < ane 0.48 0.35 0.23 0.22 0.10 0.01 
ee NR ek os sa dbnacacddueccage (pot) | 1.21 0.36 0.62 0.08 1.32 | 0.08 
Tenn: ae ee a ..(pot) 0.39 | 0.16] 0.12 0.08 | 0.25 | 0.06 
Tex os _.-(col) | T| 0.10| 0.91 0.07} 0.06] 0.07 
a (col) | 0.12 | 0.11 | 0.18 0.06 0.04 | 0.19 
(col) | 0.16 | 0.12 0.12 0.22 0.12 | 0.15 
Utah: --(pot) 0.18 | 0.32 0.27 0.08 0.13 0.15 
Va: (col) 0.68 | 0.24 0.10 0.08 0.10 0.08 
Wash: (pot) 0.10 0.25 0.09 0.11 0.22 0.26 
(pot) 0.10 0.51 0.20 0.08 0.30 0.35 
iid. salad paid bis Goo (col) 0.11 0.13 0.30 0.37 0.27 0.51 
Wis: a (pot) 0.32 0.51 0.27 0.17 0.20 0.17 
Savin eaietpepaiatne (col) | 0.54] 0.46) 0.46, 0.04| 0.14 0.33 





* Proportioned from originally consolidated data. 
NS. no sample reported. 
T, trace or zero 
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Figure 6. HASL fallout sampling stations in the Western Hemisphere 
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Table 7. Strontium-90 fallout in North and South America, HASL, July-December 1965 





Sampling location and type of collection 


Deposition, nCi/m? 
























| 
July Aug Sept Oct | Nov Dec 

Argentina: PC bGiesdebcenicuoasnda (col) 0.07 0.08 0.17 0.20 0.12 0.13 
acim Ddunhnwe aes webwhe an (col) 0.02 0.12 0.13 0.16 0.13 0.22 
RR ch vedcacsecensonsees (col) 0.03 0.08 0.02 0.08 0.04 NS 
Bermuda: _  “) . ae «soba ee 0.03 0.07 0.16 0.05 0.06 T 
Bolivia: SE eh ndbedwastcndegdwe (col) 0.01 0.01 0.03 0.07 0.06 T 
La Pas (Ovejuyo)................ (col) 7 0.03 0.03 0.02 0.10 > 
7, See a: (col) T 0.30 0.04 0.05 0.03 0.05 
Brazil: Dc pbdddkctdedddcwosecconsm” (col) 0.03 0.03 0.07 0.07 0.14 0.35 
A edie cd ind xwiere. cub iil (pot) T T YY NS NS NS 
PO OG TID occ cwseccucccun (pot) 0.03 0.02 0.09 0.02 NS NS 
DE, . .ccccccsennnnball (pot) 0.01 0.07 0. 0.18 0.28 
ON EEE (col) 0.27 0.86 0.31 0.21 0.04 0.13 
San Jose Dose Campos. ---------- (pot) 0.03 0.02 0.05 N NS 
ON ER EE (pot) 0.12 0.16 0.37 NS 0.13 0.13 
SE ic nncccccoccsune (col) 0.05 0.12 0.10 T NS 
Canada: IL, ncn Scopeenn<cogee (col) 0.29 0.38 0.28 0.15 4 0.07 
Moosonee. - - .--(col) 0.71 0.40 0.20 0.29 0.08 0.03 
Canal Zone: Mirafiores__ .--(col) 0.05 0.07 0.07 0.05 0.04 0.21 
hile: tis in indohnnwee (col) T 0.02 T NS NS NS 
I. Alejandro Selkirk. .........---- (col) = 0.69 0.10 0.22 0.08 NS 
ss cccecnabenaedween (col) 0.10 0.10 NS NS NS NS 

See (col) 0.26 0.36 0.11 0.22 T 
Sc civecconsnenahen (col) 0.07 0.10 0.03 0.02 0.08 0.05 
ES Cb Jo wikknedadcwamhad (pot) 0.39 0.05 0.21 NS NS 0.05 
sake oa tinw exe biiemial (col) 0.48 0.17 T 0.06 0.28 0.45 

| 

Colombia: | ESE ee (pot) 0.01 NS | NS NS NS 
2 ee EE = (col) 0.61 0.08 0.06 | 0.02 0.04 0.03 
Equador: Es a wamdkinn omsaik den ei (col) NS NS NS | NS 0.14 0.11 
ERD ct alone aksc omnis ican shell (col) 0.01 0.01 T {| 0.02 x 0.10 
Greenland: SE dian idnwn deka detubemel (col) 0.17 0.13 0.11) 0.01 0.02 Ss 
Iceland: a ain ws intl ane (col) 0.14 | 0.13 0.10 | 0.46 0.05 0.07 
Mexico: Te . . cesissksnecceomaetl (col) 0.17 0.06 0.01 0.09 | T 0.03 
Peru: iin A cakGbimnde onceaeee (col) *0.01 7 0.13 | 0.05 0.04 0.15 
SS res (col) | *0.01 | *0.03 0.13 0.06 wy NS 
Puerto Rico: San Juan..-__------------------ (col) | 0.32} 0.32] 0.20) 0.10] 0.05 0.14 
Venezuela: oS eee ee (col) 0.12 0.16 | 0.37 | (3 8 
| eee (col) NS NS | 0.07 0.06 T T 











* Indicates proportioned from originally consolidated data. 


T. trace or zero. 
NS, no sample reported. 


Methods of collection 


Two methods of fallout collection are em- 
ployed by HASL. In the first, precipitation and 
dry fallout are collected for a period of 1 month 
in a stainless-steel pot with an exposed area of 
0.076 m*. At the end of the collection period, 
the contents are transferred by careful scrub- 
bing with a rubber spatula, to a polyethylene 
sample bottle which is then shipped to the 
laboratory for analysis. 

The second method involves the use of a 
polyethylene funnel, with an exposed area of 
0.072 m?’, attached to an ion exchange column. 
After a 1-month collection, the inside of the 
funnel is wiped with a tissue, and the tissue 
is inserted in the end of the column, which is 
then sealed and sent to HASL for analysis. It 
has been shown that at the 95-percent confi- 
dence level there was no significant difference 
in the strontium-90 measurements obtained 
from samples collected by the two methods. 
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Other radionuclides 


Laboratories at Westwood, New Jersey; 
Chattanooga, Tennessee; Seattle, Washington; 
Appleton, Wisconsin; Palo Alto, California; 
and Midwest City, Oklahoma, have analyzed 
monthly pot samples for various radionuclides. 
The amount of precipitation at each station and 
the monthly deposition rates for strontium-89, 
strontium—90, cesium-137, cerium-—144, zircon- 
ium-95, manganese—54, and iron—55 at each 
station are presented in table 8. In June 1965, 
routine reporting of manganese—54, strontium— 
89, zirconium-95, and cesium-137 was discon- 
tinued for the above locations. The reported 
depositions of manganese—54 and iron-—55 have 
been corrected for decay to October 15, 1961. 
The remaining radionuclide data have been cor- 
rected for decay to the midpoint of the sam- 
pling month. 
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Table 8. HASL, radiochemical analyses of pot fallout samples at 6 U.S. sites, fission product and 
“tracer” radionuclides in monthly collections, July-December 1965 





Sampling location 


Precipitation, mm 


Iron-55, nCi/m? 




































































July Aug Sept | Oct | Nov Dec July Aug | Sept | Oct | Nov | Dec 

California, Palo Alto. ............. ry  y T | = | 122.9 | 81.3 | 1.26 | <0.39 0.88 | <0.17 | 6.21 1.87 
New Jersey, Westwood -____....--- | 80.0] 116.1] 77.2| 61.2| 47.8| 43.4| 4.79| 3.22) 1.40| 1.74| 2.22] 1.49 
Oklahoma, Oklahoma City--------- | 48.3 | 127.5| 106.4] 33.5| 1.0| 68.6| 5.87| 8.07| 2.96| 0.80| 1.35 | 4.21 
Tennessee, Chattanooga. ____.._--- 114.6 115.3 117.6 | 22.6 | 101.3 | 21.3 | 3.28 1.41| 1.29| 1.13] 2.52] 0.96 
Washington, Seattle *__...........- 11.9| 39.1| 21.1| 45.7| 120.6| 144.3] <0.54| 2.59| 1.11| 0.92| 1.82| 0.02 
Wisconsin, Appleton..__.....-.---- 63.5 | 94.2 | 199.9 47.5 | 47.2 | 67.0| 2.79 4.71 | 3.13 | 1.64 | 2.64 | 1.94 
Strontium-90, nCi/m? Cerium-144, nCi/m? 
California, Palo Alto. ............- 0.02 | 0.02 | 0.02 | T | 0.55 0.18 0.11 0.05 | 0.10 | 0.03 | 1.24 0.66 
New Jersey, Westwood..........-- | 0.62| 0.34] 0.15| 0.18| 0.18| 0.13| 1.95] 1.15 | 0.48 | 0.52 | 0.47 | 0.27 
Oklahoma, Oklahoma City........- | 0.63| 0.71| 0.17| 0.06| 0.07| 0.44| 2.58| 2.31| 0.63) 0.21| 0.24] 1.74 
Tennessee. Chattanooga. ___..-.--- | 0.39 0.16! 0.12| 0.08| 0.25) 0.06| 1.55| 0.56| 0.32| 0.27| 0.55| 0.20 
Washington, Seattle... ...-.----- | 0.10] 0.25} 0.09] 0.11| 0.22! 0.26| 0.54 | 1.20| 0.37) 0.38| 1.02| 0.50 
Wisconsin, Appleton........-...--- | 0.32 | 0.51 | 0.27| 0.17 | 0.20 | 0.17 ) a.m | 1 


73) 0.83 | 0.47 | 0.42 | 0.47 





® Only Seattle samples analyzed for manganese-54, strontium-89, zirconium-95, and cesium-137, the results for July and August being respectively as 


follows: 0.72. 1.58; 0.07, 0.07; 0.07, 0.03, 0.19, and 0.39 nCi/m?. 
, trace or zero. 
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Section IV. 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Other Data 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sam- 
pling, and environmental monitoring reports. 





STRONTIUM-90 IN HUMAN BONE, APRIL-JUNE 19635! 


Division of Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium-—90 in man by age and geographical region, 
the Public Health Service began collecting 
human bone specimens in late 1961. The target 
population includes children and young adults 
up to 25 years of age. Since strontium—90 in 
measurable amounts has been present in the 
global environment for more than a decade 
and major calcium accretion ceases by age 17 
or 18, persons over 25 years old are of limited 
interest in the program. This has been con- 
firmed by analyses of selected samples of peo- 
ple in older age groups, the results having 
shown their bone strontium-—90 content to be 
low and age-independent (1). 

Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post mortem. In the 
latter case, the specimens are limited to acci- 
dent victims or persons who have died of an 
acute disease process that was not likely to 
impair bone metabolism. For analytical pur- 
poses, a sample of at least 100 grams of wet 
bone is desired. Generally, this amount is 


1 Period during which deaths or surgical procedures 
occurred. 
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readily available for older children, but it pre- 
sents some difficulties in the case of infants 
and children under 5 years of age. 

Most specimens received to date have been 
vertebrae and ribs. Efforts to collect long bones 
for analysis as a basis for comparison with 
British data have not been successful. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Division 
of Radiological Health, at Winchester, Massa- 
chusetts. Procedures of sample collection and 
preparation were presented earlier (2). Stron- 
tium-—90 is measured by TBP extraction of its 
yttrium daughter, which is precipitated as an 
oxalate. The strontium-—90 content is then cal- 
culated (3) from the yttrium—90 activity. For 
the purpose of analytical quality control, 
“blind” duplicate analyses are performed on 
10 to 20 percent of the samples. In addition, 
specially prepared animal and adult human 
bone ash are analyzed in replicate as a con- 
tinuing check on analytical sensitivity and ac- 
curacy. 


529 








Table 1. Strontium-90 in human bone, deaths or surgical procedures during April-June 1965 








| Strontium-90, pCi/g of: 





__|| Sampling region | Bone | 


Sampling region | | Bone | Age at LES CAE eS 2 TS 
and State Sex | type* death > ] l 
| | (years) Ash | 2¢ | Cal- | Bone 
| | error cium | 
Northeast: } | | 
Miconsve. F |V_ | 0@1 mo) | 1.57] 0.19 | 4.78 | 0.12 
Mass. am 1 4 0.81 | 0.10 | 2.35 | 0.06 
Mass... .._.-- in: ty 5 1.16 | 0.13 | 3.36 | 0.08 
| ea | M |V 6 | 1.38 | 0.13 | 3.97 | 0.12 
ae iM |V 6 1.69 0.13 | 4.71 | 0.15 
Mass____..__- IM |V 7 0.87 | 0.10 | 2.39 | 0.09 
OT RIE \F |v 7 1.40 | 0.14 | 4.08 | 0.11 
MS Scat sec | F |v 8 | 1.16 | 0.11 | 3.15 | 0.13 
| lv | 1.89 | 0.12 | 5.51 | 0.26 
|v | 0.71 | 0.08 | 1.98 | 0.07 
Vv 0.95 | 0.08 | 2.69 | 0.09 
V 0.71 | 0.07 | 1.94 | 0.08 
Vv 0.93 | 0.10 | 2.56 0.12 
lV 1.04 | 0.07 | 2. 0.12 
V 1.34 | 0.12 | 3.62 | 0.12 
V 1.07 | 0.07 | 3.02 | 0.11 
| V, 1.02 | 0.07 | 2.90 | 0.10 
| | | 
V | 0.65 | 0.07 | 1.77 | 0.08 
Vv 0.79 | 0.06 | 2.11 | 0.10 
V 0.96 | 0.07 | 2.57 | 0.13 
V | 0.78 | 0.06 | 2.14 | 0.10 
V | 0.64 0.06 | 1.67) 0.09 
Vv 0.57 | 0.05 | 1.52 | 0.06 
| V 0.98 | 0.06 | 2.64 | 0.10 
Vv 0.48 | 0.05 | 1.26 | 0.07 
| Vv | 0.86 | 0.06 | 2.21 | 0.16 
Vv 0.93 | 0.07 | 2.47 | 0.13 
} | | 
V | 0.97 | 0.07 | 2.59 | 0.12 
| V | 0.56 | 0.05 | 1.49 | 0.08 
| V | 0.87 0.08 | 2.30 | 0.09 
| V | 0.90 | 0.06 | 2.35 | 0.14 
V 0.55 | 0.05 | 1.48 | 0.06 
| | 
| | | 
2.04 | 0.20 | 5.43 | 0.24 
2.01 | 0.21 | 5.73 | 0.16 
| 1.59 | 0.17 | 4.31 | 0.17 
| 0.96 | 0.09 | 2.74 | 0.09 
| 1.06 | 0.13 | 3.03 | 0.09 
| 
| 2.12 | 0.15 | 5.45 | 0.43 
| 1.32 | 0.12 | 3.71 | 0.10 
1.98 | 0.18 | 5.40) 0.18 
| 0.93 | 0.07 | 2.56 0.08 
0.95 | 0.11 | 2.38 | 0.13 








The results of laboratory analyses for stron- 
tium-—90 in individual bones from persons dying 
during the second quarter of 1965 are presented 
in table 1 in order of increasing age within 
each sampling region. The sampling regions 
have been defined in an earlier report (5). 
The data are reported as picocuries of stron- 
tium-90 per gram of ash (the primary deter- 
mination), per gram of calcium (for compari- 
son with other data and for purposes of model 
development), and per gram of bone (as a 
rough indication of dose). Two-sigma count- 
ing errors are reported for the ash concentra- 
tion. Table 2 summarizes the average concen- 
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| 
| 
| 


| | 


Strontium-90, pCi/g of: 


Age at a 
and State | Sex |type*| death> 
(years) Ash | 2¢ Cal- | Bone 
error | cium 
| 
ae F V 10 1.49 | 0.10 | 4.06 | 0.14 
Minn_ M V ll 1.91 | 0.11 | 5.19 0.14 
Pre M Vv 11 1.05 | 0.11 | 2.87 0.18 
| “SGROre EC V 11 0.82 | 0.08 | 2.21 0.14 
Ohio___......-| M Vv 12 0.90 | 0.08 | 2.32 0.15 
Ohio vee ae Vv 12 0.89 | 0.08 2.30 0.14 
Ohio ae gy V 12 1.12 | 0.06 | 3.00 0.20 
F Vv 14 0.99 | 0.06 | 2.52 0.15 
Ohio ise ae Vv 15 0.96 | 0.06 | 2.49 0.19 
RS Vv 15 0.62 | 0.05 | 1.61 0.09 
Mimn.........| M V 16 0.78 | 0.06 | 2.13 0.09 
Ohio- ..-| M Vv 18 0.86 | 0.06 2.23 0.15 
Sey M V 18 1.04 0.06 | 2.65 0.18 
Gbio.........| V 19 0.76 | 0.06 | 1.94 0.13 
ees M V 21 0.89 | 0.06 | 2.27 0.17 
Ohio- M Vv 22 0.75 | 0.06 | 1.92 0.10 
Ohio F Vv 23 0.78 | 0.06 | 1.96 0.14 
cn ecekes M V 23 0.85 | 0.05 | 2.22 0.14 
Seren M Vv 24 0.74 | 0.06 | 1.94 0.14 
Sepa, M Vv 24 0.63 | 0.05 | 1.66 0.09 
Ohio M Vv 25 | 0.55 | 0.04 | 1.40 0.10 
Delta: 
a tons xh ext F Vv 2 2.56 | 0.17 | 7.07 0.29 
La. - M V,R 2 | 2.13 | 0.16 | 5.74 0.20 
La | F Vv 5 2.40 | 0.11 | 6.40 0.31 
J Sees M F Q 1. | 0.07 | 2.55 0.12 
I M R 10 1.30 | 0.10 | 3.46 0.26 
La M R 12 1.09 | 0.11 | 2.82 0.20 
La F | V.R| 16 0.48 | 0.06 | 1.25 0.08 
La M Vv 22 1.07 | 0.07 | 2.77 0.16 
La M V.R} 24 0.53 | 0.05 | 1.42 0.08 
Northwest: 
Alaska___-- F R 1.25 | 0.19 | 3.13 0.39 
Alaska___- F R 17 | 1.76 | 0.16 | 4.31 0.65 
Alaska___- | F R 0.46 13 | 1.17 .16 
Southwest: 
Calif F V.R > O(13 da) 0.46 | 0.06 | 1.23 0.05 
 —_—— F V,R | 0(2 mo) 0.97 | 0.10 | 2.98 0.05 
Ariz ee 7 1 1.21 | 0.09 | 3.27 0.14 
Calif... M V,R 1 1.32 | 0.10 | 3.60 0.12 
Calif F V 2 1.63 | 0.19 | 4.54 0.17 
Calif _ _- F Vv 5 1.20 | 0.11 | 3.58 0.06 
Calif..........} M Vv 16 0.90 0.09 2.48 0.11 
"Sees M Vv 17 0.65 | 0.09 | 1.72 0.07 





> Age given as of last birthday prior to death, 


trations of strontium—90 in human bone by 5- 
year age groups for each year from 1961 
through the first half of 1965. 

Following the pattern of earlier reports, 
subsequent articles will continue to provide 
interpretation of the data at appropriate stages 
in the program (2-4). 


Previous coverage in Radiological Health Data 
and Reports: 


Period Issue 
1962-1964 April 1966 
.First quarter 1965 June 1966 


Radiological Health Data and Reports 














T: 





Table 2. Strontium-90 in human bone samples for 5-year 

















Strontium-90, pCi/g calcium 

Age group* | Year of death> | Number| 
Mean‘; Minimum | Maximum 
0-4 years aE 3 2.7 1.8 3.4 
aw. 50 3.3 0.8 | 9.7 
ee 44 4.5 1.0 13.0 
Ee Te 67 4.4 | 1.0 | 8.7 
1965, first half | 38 | 4.1 | 1.2 | 8.9 

| 

5-9 years ee .1 £99 — | _— 
rer | 33 2.7 1.0 | 9.4 
earns 43 | 3.9 | 1.8 9.1 
eo 64 3.6 | 1.2 | 7.0 
1965, first half 26 3.0 | 1.3 | 6.4 
10-14 years aa 4] 1.8} 1.3} 2.8 
SOO. . cnccauees 28| 2.1 | 0.8 | 3.5 
aor 47 2.9 | Re 9.0 
Pesto nneuhe a> 56 | 3.1 0.9 | 5.7 
1965, first half_-_ 24 3.0 1.6 | 5.2 
15-19 years eae 0 | —_ | — | — 
_ Sees 31 | 2.2) 0.9 4.6 
FF. Barer | 73 | 2.6] 1.0 7.0 
RRR HR 58 | 2.9 | 1:2 8.0 
1965, first half _- 28 | 2.3 1.3 4.7 
20-24 years Dl) tknuaesese 0 —_ _— — 
eas 29 1.8 0.9 3.5 
etd cnunw as 61} 2.2 0.9 5.0 
 _ 52 2.2 0.8 4.3 
1965, first half__ 25 | 1.9 1.0 2.8 





® Age taken as of last birthday prior to death; ages greater than 24 
years not included. 

> Or surgical procedure. 

e¢ Mean values given in this table for the various years within each age 
group may not be directly comparable because of variations in sampling 
locations hom year to year; however, the data are given as a summary of 
presently available known results. 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations.’ 
The reports include data from routine moni- 
toring programs where operations are of such 
a nature that plant environmental surveys are 
required. 

Releases of radioactive materials from AEC 


1 Copies of these reports are available from the Divi- 
sion of Public Information, Atomic Energy Commission, 
Washington, D.C. 20545. 
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installations are governed by radiation stand- 
ards set forth by AEC’s Division of Opera- 
tional Safety in directives published in the 
“AEC Manual.’ 

Summaries of the environmental radioactivity 
data follow for the Argonne National Labora- 
tory, Atomics International, National Reactor 
Testing Station, and the Oak Ridge Area. 


2 Part 20, “Standards for Protection against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” These 
are available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402, on a subscription basis at $3.50 for 3 years. 
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1. Argonne National Laboratory 
July-December 1965 * 


University of Chicago 
Lemont, Illinois 


The radioactivity of the environment is de- 
termined on a continuing basis by measuring 
the radioactivity in naturally occurring mate- 
rials collected both on and off the Argonne Na- 
tional Laboratory site. Since radioactivity is 
usually dispersed by air and water, the en- 
vironmental monitoring program at Argonne 
has concentrated on these media. The sam- 
pling locations discussed in this report are 
shown in figures 1 and 2. 


’ Summarized from “Environmental Radioactivity at 
Argonne National Laboratory, July-December 1965,” 
University of Chicago, Lemont, Illinois. 


Air monitoring 


Air-filter samples were collected continuous- 
ly at seven locations on the Argonne site and 
at five locations off the site. Sampling on char- 
coal for radioactive iodine was conducted on 
the site only. Iodine—131 concentrations greater 
than the detection limit of 0.1. pCi/m* were 
found in the onsite samples during portions of 
July, August, October, and November. The 
maximum concentration in any one sample was 
10 pCi/m*, or 10 percent of the AEC standard. 
The iodine-131 was accidentally released from 
two of the Argonne buildings in the 300 area. 
Surface deposition was confined to within 1,000 
yards of the point of release. None was de- 
tected off the site. The average iodine-131 
concentration for the entire year was about 
0.3 pCi/m*, or 0.3 percent of the AEC standard. 
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Figure 1. Sampling locations on the site of Argonne National Laboratory 
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Figure 2. Site location of Argonne National Laboratory 
(including some offsite sampling stations) 


The total alpha and beta activities in the 
air-filter samples are summarized in table 1. 
The alpha activities were normal both on and 
off the site and were in the range found in 
previous years. The beta activity was due pri- 
marily to fission and neutron activation prod- 
ucts from nuclear detonations. Activity from 


Table 1. 


the Chinese atmospheric nuclear detonation of 
May 14, 1965, was observed on the air-filter 
samples from May 21 through July. The aver- 
age beta activity for the year, 0.25 pCi/m’, 
was about one-fourth of the 1964 average. The 
similarity between alpha and beta activities 
on and off the site indicates that Argonne did 
not add significantly to the particulate airborne 
activity of the environment. The concentra- 
tions of specific fission products given in table 
2 support this conclusion. Significant releases 
by Argonne would have been detected in the 
form of an increase in the onsite levels over 
the offsite levels. 


Water monitoring 


Argonne waste water is discharged into Saw- 
mill Creek, a stream that runs through the 
Argonne grounds and enters the Des Plaines 
River about 500 yards downstream from the 
waste water discharge. Sawmill Creek was 
sampled above and below the discharge to 
evaluate the effect of the waste water on the 
radioactivity in the creek. Radioactivity from 
Argonne waste water, in amounts well below 
the AEC standards, was found in some samples 
of Sawmill Creek water collected below the 
discharge. The concentrations of radioactive 
materials at this location are summarized in 
table 3. The table gives the average and max- 


Total alpha and beta activities in air-filter samples, July-December 1965 * 








Number Alpha activity, pCi/m* Beta activity, pCi/m’ 
Month 1965 Loca- of - ae ns daaidlion 
tion samples | 
Average | Minimum | Maximum| Average | Minimum | Maximum 
‘nginniacamnaintii | = - |—_——— - 7 - ————— 
July_. Onsite 27 0.0042 0.0027 0.0064 0.37 | 0.17 0.65 
| Offsite 22 0.0046 0.0022 0.0095 | 0.39 | 0.20 0.73 
eer pee et Onsite 28 0.0049 0.0022 0.0071 | 0.16 | 0.09 | 0.23 
Offsite 23 0.0035 | 0.0017 0.0052 | 0.17 0.08 0.25 
| | 
September - Onsite 24 0.0033 0.0022 0.0061 | 0.09 | 0.03 0.25 
Offsite 18 0.0029 0.0014 0.0084 | 0.08 | 0.05 | 0.12 
eee ee Onsite 26 0.0035 0.0021 0.0063 | 0.09 0.05 0.41 
Offsite 22 0.0032 | 0.0018 0.0054 | 0.08 | 0.05 | 0.11 
OOO... « secdckice Onsite 27 0.0047 0.0027 0.0082 0.08 | 0.05 | 0.13 
Offsite 22), 0.0042 0.0028 | 0.0060 0.08 0.06 | 0.10 
| | | 
a ere Onsite 25 0.0044 0.0029 0.0063 | 0.08 0.04 0.12 
| Offsite 19 0.0046 0.0028 | 0.0072 0.09 | 0.05 | 0.18 
| | | 
ER Onsite 157 0.0042 | 0.0021 0.0082 | 0.15 | 0.03 | 0.65 
| Offsite 126 0.0038 0.0014 | 0.0095 0.15 0.05 0.73 
Annual summary - - - - - Onsite 306 0.0039 | 0.0004 0.0082 0.24 0.03 1.13 
Offsite 241 0.0039 | 0.0013 | 0.0095 0.25 0.05 1.20 
® These results were obtained by measuring the samples 4 days after they were collected in order to avoid counting 
the natural radioactivity due to radon and thoron decay products. 


disappears within 4 days by radioactive decay. 
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This activity is normally present in the air and 
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Table 2. Gamma-ray activity in air-filter samples, July-December 1965 





Gamma air activity, pCi/m!* 








Nuclide | tion ie 

| July | Aug 

| J 
Antimony-125.........-.-- | Onsite 0.01 0.01 
| Offsite 0.01 0.01 

| 

Barium-lanthanum-140____| Onsite <0.02 | <0.01 
| Offsite | <0.02 | <0.01 
Cerium-144..............| Onsite | 0.11 | 0.05 
| Offsite 0.12 0.06 

| 
Gostem-187..2 5... 5222-5. | Onsite | 0.02) 0.01 
| Offsite 0.02 0.02 
Ruthenium-rhodium-106..| Onsite | 0.01 | <0.01 
Offsite | 0.01 | <0.01 
Zirconium-niobium-95_-_.__| Onsite 0.02 | <0.01 
0.02 | <0.01 


| Offsite . 


| 


| <0.01 | <0.01 | <0.01 | <0.01 | <0.01 


Sept | Oct Nov Dec | Average | Annual 
| average 


<0.01 | <0.01 | <0.01 <0.01 | <0.01) <0.01 
<0.01 | <0.01 | <0.01 <0.01 | <0.01 | <0.01 


<0.01 | <0.01  <0.01 | <0.01 | <0.01 <0.02 
<0.01 <0.01 <0.01  <0.01 | <0.01 <0.02 


0.03 0.01 0.01 0.01 0.04 


.08 
0.02 0.01 0.01); 0.01, 0.04 


.08 


0 

0 
0.01 0.01 0.01 0.01 0.01 0.02 
0.01 0.01 0.01 0.01 0.01 0.02 

0 

0 

0 

0 


<0.01 | <0.01 | <0.01 <0.01  <0.01 


.03 
<0.01 , <0.01 | <0.01 <0.01 | <0.01 


.03 


.01 


<0.01 | <0.01 | <0.01 <0.01 | <0.01 < 
<0.01 





Table 3. Radioactivity in Sawmill Creek water below waste-water discharge 
July-December and calendar year 1965 





| July-December 1965 


| 


Calendar year 1965 











Nuclide | Concentration Percent of Concentration Percent of 

| (pCi/liter) AEC Standard (pCi/liter) AEC standard 

Average [Maximum Average Maximum Average Maximum) Average Maximum 
0S ee eee — <2 — | <0.007 — <2 — <0.007 
vied: Sdees dw sos 1.8 3.4 0.009 0.017 1.5 3.4 0.008 0.017 
a heim iin aed = <5 <0.005 — <5 —~ <0.005 
. Sa eeaages <1 1.5 | <0.002 0.003 1.0 14.1 0.002 0.028 
Hydrogen-3 (tritium)_......| <4,000 6 ,000 <0.13 0.2 | <4,000 6 ,000 <0.13 0.2 
te cack snenels — <3 — <1 - <3 <1 
6 ach cndececece 0.09 0.95 0.002 0.019 0.06 0.95 0.001 0.019 
Strontium-89_..........-- ~~ <2 — <1.07 — <2 — <0.07 
Strontium-90__.__........ 2.0 4.7 0.67 1.6 2.4 5.5 0. 1.8 
Technetium-95__.____._--- — <0.5 — | <0.0002 <0.5 — | <0.0002 
Thorium-232 -_ _ ae 0.09 1.1 0.005 0.055 0.10 1.1 0.005 0.055 
Thorium-protactinium-234 - 2.1 4.7 0.011 0.024 1.7 7.7 0.009 0.039 
Uranium-.-.-- Cire wkewes 2.6 5.9 0.007 0.015 2.7 10.6 007 0.027 





imum concentrations in pCi/liter, as well as 
the corresponding percentage of the AEC 
standards. 

A comparison of these concentrations with 
those above the discharge indicates that essen- 
tially all of the thorium, plutonium, cesium- 
137, cobalt-60, and tritium, and about two- 
thirds of the thorium-—234 and uranium origi- 
nated in the waste water, while most of the 
strontium—90 was due to fallout. 

Since Sawmill Creek empties into the Des 
Plaines River, which in turn flows into the IIli- 
nois River, the radioactivity in these two 
streams is important in determining the effect 
of Argonne operations on the environmental 
radioactivity. The alpha, beta, and uranium 
activities found in these streams are summar- 
ized in table 4. Des Plaines River water was 
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Table 4. Average radioactivity in Des Plaines and 
Illinois River water, July-December and calendar year 1965 


July-December 1965 Calendar year 1965 


Location Alpha Ura- Beta | Alpha Ura- Beta 
activity nium activityiactivity nium activity 

(pCi (pCi (pCi (pCi (pCi (pCi 

liter) liter) liter) liter) liter) liter) 


Des Plaines River * 
(above Sawmill 


Creek) -_.__.-- 7 2.3 16 2.4 2.1 18 
Des Plaines River > 

(below Sawmill 

Creek) _- - ; 3.7 2.2 15 2.4 1.9 18 
Illinois River ¢ 4 2.4 2.0 8 2.4 2.1 11 


* Sampled near Route 45, upstream from the mouth of Sawmill Creek 

> Sampled near Lemont. downstream from the mouth of Sawmill Creek 

¢ Average of two sampling locations: McKinley Woods State Park and 
Morris. See figure 2 for all sampling locations. 


also analyzed for the other nuclides found in 
Sawmill Creek, and, as was the case for the 
results in table 4, no significant differences in 
radioactivity between sampling locations of 
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the river could be found. Dilution of Sawmill 
Creek water in the Des Plaines River was suffi- 
cient to reduce the activity in the Creek to 
undetectable levels in the river. The alpha ac- 
tivities in the Des Plaines and Illinois Rivers 
were in the normal range and similar to earlier 
values. The natural beta activity in the Des 
Plaines and Illinois Rivers varies between 5 
and 10 pCi/liter. The additional beta activity 
in these streams was due to fallout. There was 
no indication of activity from Argonne opera- 
tions in either stream. 


Milk monitoring 


Three samples of locally produced raw milk 
were analyzed each month for the fission prod- 
ucts most likely to be present. Barium—140 and 
strontium-—89 were found only in the June sam- 
ples, at average concentrations of 24 and 14 
pCi/liter, respectively. These activities are 
assumed to have originated in the Chinese test 
of May 14, 1965. Cesium—137 and strontium—90 
were present in most samples during the year. 
Their average concentrations were 47 and 12 
pCi/liter, respectively. The average strontium-— 
90 concentration was similar to that of 1964, 
while the cesium-137 concentration decreased 


2. Atomics International 
July-December 1965 ‘ 


North American Aviation, Inc. 
Canoga Park, California 


Atomics International, a Division of North 
American Aviation, Inc., has been engaged in 
atomic energy research and development since 
1946. The company designs, develops, and 
constructs nuclear reactors for central station 
and compact power plants and for medical, 
industrial, and scientific applications. 

The company headquarters is located in Ca- 
noga Park, California, approximately 23 miles 
northwest of downtown Los Angeles. The 290- 
acre Nuclear Development Field Laboratory 
(Santa Susana Facility), equipped with ex- 





‘Summarized from “Environmental Monitoring, 
Semiannual Report, January 1 to June 30, 1965,” 
Atomics International. 
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by about a factor of four. These fission prod- 
ucts were due to fallout from nuclear detona- 


tions and were not related to Argonne opera- 
tions. 


Summary 


Fallout activity was present in all types of 
samples and at all locations throughout the 
year, but in much lower concentrations than in 
1964. Argonne’s contribution to the environ- 
ment was confined to Sawmill Creek below the 
wastewater discharge and to radioiodine de- 
tected in air and grass collected on the Argonne 
site. The concentrations of radioactive sub- 
stances added to the environment during the 
year by Argonne were considerably less than 
the AEC standards and did not constitute a 
health hazard. 


Previous coverage in Radiological Health Data 
and Reports: 


Period Issue 
July—December 1961 May 1962 
Calendar year 1962 May 1963 
Calendar year 1963 August 1964 
January—June 1964 March 1965 
July-December 1964 September 1965 
January—June 1965 March 1966 


tensive testing facilities for the support of 
advanced nuclear studies, is in Ventura County 
in the Simi Hills approximately 29 miles north- 
west of downtown Los Angeles. The location 
of the above sites in relation to nearby com- 
munities is shown in figure 3. 

The basic concept of radiological hazard 
control at Atomics International encourages 
total containment of radioactive materials 
and, through rigid operational controls, mini- 
mizes effluent releases and external radiation 
levels. The environmental monitoring program 
provides a check on the effectiveness of radio- 
logical safety procedures and of engineering 
safeguards incorporated into facility design. 

The environs of Atomics International head- 
quarters and Nuclear Development Field Lab- 
oratory (NDFL) are surveyed monthly to de- 
termine the concentration of radioactivity in 
typical surface soil, vegetation, and water sam- 
ples. In addition, continuous environmental air 


535 





























Angeles pr 
rT Dee . unty 


MONICA 





Figure 3. Atomics Internati 


monitoring at the sites provides information 
concerning airborne particulate radioactivity. 


Air monitoring 


Environmental air sampling is conducted 
continuously at the headquarters and NDFL 
sites with automatic air samplers operating on 
24-hour sampling cycles. Airborne particulate 
radioactivity is collected on HV-70 filter paper 
which is automatically changed at the end of 
each sampling period. The filter is removed 
from the sampler and counted after the radio- 
activity is allowed to decay for at least 72 hours. 
The volume of a typical daily environmental air 
sample is approximately 29 cubic meters. The 
average concentration of airborne particulates 
is presented in table 5. 


Water monitoring 


Process water used at the NDFL is obtained 
from wells and stored in 50,000 gallon tanks. 
Potable water is delivered to the site by a 
vendor and is not analyzed. Well water is 
sampled monthly from the supply line at two 
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Table 5. Beta-gamma radioactivity of 
airborne particulates, NDFL, 1965 


First half 1965 Second half 1965 








Location Average Average 
Number of concen- Number of concen- 
samples tration samples tration 
(pCi/m*) (pCi/m*) 
Headquarters - 182 2.0 301 0.12 
NDFI 69 1.9 993 0.09 


locations. The average well water radioactivity 
is presented in table 6. 

Soil, vegetation, and water are sampled 
monthy at Chatsworth Reservoir, which is op- 
erated by the Los Angeles City Department of 


Table 6. Well water radioactivity, NDFL, 1965 





| First half 1965 Second half 1965 











Activity Average Average 
Number of concen- Number of concen- 
samples tration samples tration 
(pCi/liter) atte liter) 
Alpha 12 0.22 12 <0. 22 
Beta-gamma_...| 12 <6.5 12 5.5 
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Water and Power. Soil and vegetation radio- 
activity data for the reservoir are averaged 
into data presented in tables 7 and 8. Normally, 


Table 7. Radioactivity in the soil, NDFL, 1965 


























First half 1965 | Second half 1965 
Area Activity Average Average 
Number concen- Number concen- 
of samples| tration | of samples} tration 
(pCi/g) (pCi/g) 
Onsite Alpha 72 49 | 72 | <0.44 
Beta-gamma | 72 40 72 | 32 
Offsite | Alpha 70 | $0.51 | 72| <0.45 
Beta-gamma 70 | | 72 | 27 








Table 8. Radioactivity in vegetation, NDFL, 1965 




















First half 1965 | Second half 1965 
| — | — 
Area Activity | Average Average 
| Number concen- Number | concen- 
| of samples| tration | | of samples | tration 
heated gash)! | (pCi/g ash) 
cae, Se eh aS: SNE 7 ene 
Onsite Alpha 72 j <0.62 72 <0.50 
Beta-gamma 72 177 72 | 146 
Offsite | Alpha | 70 | 0.78 72 <0.46 
70 156 72 121 


Beta-gamma 





one water sample is obtained from the lake 
surface and a second sample is obtained from 
the reservoir supply inlet located on the north 
side of the lake. The average radioactivity 
for both surface and supply water samples is 
presented in table 9. 


Table 9. Chatsworth Reservoir water radioactivity, 1965 


Sample Activity | Average | Average 
Number | concen- Number | concen- 





] 
First half 1965 | Second half 1965 











|of samples| tration | of samples| tration 
—_— liter) | | Ci liter) 
> ae Pe er ip: eee es mer or 
Lake Alpha 6 | 0.53 : 5 0.81 
surface Beta-gamma | 6 | 9.8 5 73 
Supply | Alpha | 6 | 0.44 | 6 | 0.78 
i 6 | ms i 6 <5.9 
| 


inlet Beta-gamma 





In the laboratory, 500 ml of water is evapo- 
rated to dryness in crystallizing dishes at ap- 
proximately 90°C. The residue salts are trans- 
ferred to stainless-steel planchets, wetted with 
distilled water to produce a uniform sample 
distribution, redried under infrared lamps, and 
counted. 


Soil and vegetation monitoring 


Soil and vegetation are sampled monthly at 
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24 locations. Twelve sampling stations are lo- 
cated within the boundaries of Atomics Inter- 
national’s sites and are referred to as onsite 
stations. The remaining 12 stations, located 
within a 10-mile radius of the sites, are re- 
ferred to as offsite stations. 

Surface soil types available for sampling 
range from decomposed granite to clay and 
loam. Samples are taken from the top half-inch 
layer of ground surface. The soil samples are 
packaged and sealed in plastic containers and 
returned to the laboratory for analysis. 

Sample preparation consists of transferring 
the soils to Pyrex beakers and drying in a 
muffle furnace at 500°C. for approximately 8 
hours. After cooling, the soil is sieved to obtain 
a uniform particle size. One-gram aliquots of 
the sieved soil are weighed and transferred to 
stainless-steel planchets. The soil is wetted in 
the planchet with acetone, agitated to obtain 
uniform sample thickness, re-dried, and count- 
ed. Radioactivity in soil is presented in table 8. 

Vegetation samples obtained in the field are 
of the same plant type wherever possible, gen- 
erally sunflower or wild tobacco plant leaves. 
These types maintain a more active growth 
rate during the dry season that do most natural 
vegetation indigenous to the local area. Vege- 
tation leaves are stripped from plants and 
placed in ice cream cartons for transfer to the 
laboratory for analysis. Plant root systems are 
not routinely sampled. 

Vegetation samples are first washed with 
tap water to remove foreign matter and then 
thoroughly rinsed in distilled water. Washed 
vegetation is placed in porcelain crucibles and 
ashed in a muffle furnace at 500°C. for approxi- 
mately 8 hours, producing a completely oxi- 
dized ash. Three-hundred-milligram aliquots 
of pulverized ash from each crucible are 
weighed and transferred to stainless-steel plan- 
chets for counting. 


Previous coverage in Radiological Health 
Data and Reports: 


Period 

Second half 1961 
Calendar year 1962 
Calendar year 1963 
First half 1964 
Second half 1964 
First half 1965 


Issue 

August 1962 
November 1963 
September 1964 
March 1965 
September 1965 
March 1966 
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3. National Reactor Testing Station 
July-December and Calendar Year 1965° 


Health and Safety Division 
U. S. Atomic Energy Commission 
Idaho Falls, Idaho 


The National Reactor Testing Station 
(NRTS) is located in a very remote area, which 
permits controlled releases of radioactivity 
from the projects with minimum hazard to 
sizable population groups. The NRTS surveil- 
lance program is conducted by the AEC’s Idaho 
Operations Office. The monitoring program 
consists of periodic sampling of ground and 
surface waters, milk, wheat, and air. The loca- 
tions at which these samples are taken are 
shown in figure 4. The results of the analysis 
of these samples are shown in table 10. 





5Summarized from “Environmental Monitoring Re- 

rt No. 17, Third and Fourth Quarters and Annual 
ummary 1965.” U.S. Atomic Energy Commission, 
Idaho Operations Office, Health and Safety Division, 
National Reactor Testing Station. 





Offsite water monitoring 


Low-level liquid wastes from various oper- 
ating facilities at the NRTS are released to the 
ground-water table through disposal wells and 
ponds located near each facility. Before dis- 
posal the liquid wastes are carefully monitored 
at the NRTS and, as an added safeguard, offsite 
underground water samples are collected and 
analyzed regularly. Most of these samples are 
taken from an area southwest of the NRTS, the 
prevalent direction of underground water flow. 
During 1965, 64 samples were collected on a 
semiannual basis from 32 sampling stations. 
The analytical results indicated no significant 
change from concentrations recorded during 
1964. The average concentrations of alpha and 
beta emitters were no more than 4 percent and 
9 percent of the AEC standards, respectively. 
The alpha activity is attributed primarily to 
radioactive elements which are naturally 
present in the environment. 


Onsite water monitoring 


Onsite samples were taken from the plant 
production wells in order to detect and define 
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Figure 4. Environmental monitoring stations, National Reactor Testing Stations 
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Table 10. Environmental monitoring data for the National Reactor Testing Station, July-December and calendar year 1965 





July-December 1965 


Calendar year 1965 











| | Average 
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ne 








its j } | Mini- Maxi- | activity | Maxi- Aeaweei | 
saaniaetetaatatia ts ino: 'Number|Approximate Type of mum | mum | per |Number| mum | activity | AEC 
| of frequency analysis level of | activity | sample of activity, per standard 
stations | of collection |detection| of single stations | of single | sample 
| | sample sample 
aaerrs prenaee a Pe Cie GEE sep A OH 
i i/li 32 | Semi 1 | Alpk 3 4 <4 4 <4 100 
Offsite underground water, pCi/liter | 32 | Semiannual | ‘ = | ; is ‘ $s BY | = = 
} 
i ion well w i/li iweekly | Alpl 3 7 3 7 <4 3,000 
Onsite production well water, pCi/liter | 22 | Biweekly | piuba | ; a H - mm ae He} 
ite air, pCi/m? 12 | Conti | Beta-gamma | 1.6 56 <6 56 <4 100 
een | oe | Kodine-131 | $8.6 12 <4| 5 | 12 <4 100 
| 
aoe - | | Sia | 5 | >63 | <23 | 100 
12 | Monthly lodine-131 20 50 <21 3 | 
seis acd amabas bw Strontium-00: | 1.5| 22] <il| 12 | “SB & 
| 
Offsite area monitoring badges, mR 12 | Monthly Gamma 10 <10 <10 915 <10 <10 | 170/yr 
| 





* Changed from 15 stations to 12 in April of 1965. 


b This was the highest concentration measured at routine bulk sampling points. A concentration of 310 pCi/liter was the highest. level observed in 


raw milk collected at individual farms. 


possible sources of contamination. During 
1965, 435 samples were collected from 22 sam- 
pling stations, most on a biweekly basis. Anal- 
yses of these samples showed that average 
concentrations of alpha and beta emitters were 
no more than 0.2 percent. and 0.4 percent of 
the AEC standards, reflecting no change from 
the previous year. 


Offsite air monitoring 


Normal operations of the present radiotelem- 
etry system calls for hourly reports by each 
station. The reporting instruments and func- 
tions are: 

1. Ion chamber: This instrument measures 
ambient radiation levels in mR/hr. 

2. GM counters: HV-70 filter paper which 
collects airborne particulates is cycled to a GM 
tube once a day. One GM tube measures the 
buildup of particulate activity during the day 
and another measures the decay of the activity 
collected the previous day. 

3. Scintillation counter: Air which has pre- 
viously passed through the HV-70 particulate 
filter then passes through a carbon cartridge. 
For surveillance purposes, the activity collected 
by the carbon cartridge is measured hourly by 
the scintillation counter and is assumed to be 
iodine-131. This cartridge remains in place 
for periods up to 6 weeks. 

Results of the data reported from the 15 
radiation telemetry stations indicate that the 
sum of the average concentrations of gaseous 
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iodine-131 and particulate activity in the at- 
mosphere was less than 8 percent of the AEC 
standard during 1965. 


Offsite milk monitoring 


Routine monthly analyses of iodine-131 and 
strontium—90 concentrations in milk were con- 
ducted during 1965. During the latter part 
of May, significant concentrations of iodine— 
131 were detected in the Idaho Falls area Grade 
A milk. Consequently, an intensive milk sam- 
pling program was initiated during the period 
May 25 through June 20, 1965. The highest 
concentration measured during this period was 
310 pCi/liter. This increase in radioactivity 
was attributed to fallout from the Chinese 
nuclear test on May 14, 1965. 

Of the 144 routine radioiodine analyses, only 
10 samples were found to have concentrations 
greater than 20 pCi/liter. As indicated in table 
10, the average iodine-131 levels, including the 
May through June samples, do not exceed 23 
percent of the AEC standard. Strontium-90 
concentrations in the same 144 samples showed 
a maximum concentration of 24 pCi/liter or 12 
percent of the AEC standard with an average 


value of only 13 pCi/liter or 7 percent of the 
AEC standard. 


Offsite area monitoring badges 


Offsite film badges were collected monthly 
during 1965. The maximum radiation dose 
measured by film at a single location for the 
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entire year was <120 mR of gamma radiation, 
based on 12 film changes and a detection limit 
of 10 mR gamma on each film. For the purpose 
of calculating the maximum does, each statis- 
tically zero result was assumed to be at the 


detection limit. The reported maximum is 
therefore conservatively estimated to be the 
upper limit of the true dose at that location. 

Evaluation of the airborne effluent data from 
reactor operations in 1965 indicates that the 
actual offsite gamma dose from NRTS opera- 
tions was less than 2 mR. This is less than two 
percent of natural background radiation. 
Natural background radiation levels at film 
badge locations vary, but studies made prior to 
nuclear operations at the NRTS showed that 
normal background levels were of the order of 
100 to 150 mR/yr. 


Wheat monitoring 


Monitoring of wheat for radionuclides con- 
tinued in 1965. In the eight samples analyzed, 
strontium-90 levels ranged from 11 to 37 pCi/ 
kg with an average of 26 pCi/kg. Cesium—137 





levels varied from 60 to 118 pCi/kg with an 
average of 88 pCi/kg. Analyses for manga- 
nese—54 in eight wheat samples collected in the 
fall of 1965 showed no activity above the detec- 
tion limit of 100 pCi/kg. The average concen- 
tration of manganese—54 in 1964 wheat samples 
was 790 pCi/kg. This decrease may possibly 
be attributed to different weather conditions 
and fallout patterns during the two years un- 
der consideration. Although no guide pertain- 
ing to wheat has been established, the data in- 
dicated that local wheat could not be a signifi- 
cant contributor to the radiation dose received 
by local consumers. 


Previous coverage in Radiological Health Data 
and Reports: 


Period Issue 
July—December 1961 June 1962 
Calendar year 1962 June 1963 
Calendar year 1963 September 1964 
January—June 1964 March 1965 
July-December 1964 September 1965 
January-June 1965 March 1966 





4. Oak Ridge Area 
July-December 1965° 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


Oak Ridge Area is a complex made up pri- 
marily of the Y-12 Plant, the Oak Ridge Na- 
tional Laboratory (ORNL), and the Oak Ridge 
Gaseous Diffusion Plant (ORGDP). 

Radioactive waste materials arising from the 
operation of atomic energy installations in the 
Oak Ridge area are collected, treated, and dis- 
posed of according to their physical states. 
Solid wastes are buried in a Conasauga shale 
formation which has a marked ability to fix 
radioactive materials by an ion exchange mech- 
anism. Liquid wastes which contain long-lived 
fission products are confined in storage tanks 
or are released to trenches located in the Cona- 





6 Summarized from “Environmental Levels of Radio- 
activity for the Oak Ridge Area,” compiled by the 
Applied Health Physics Section of the Health Physics 
Division, Oak Ridge National Laboratory. 
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sauga shale formation. Low-level liquid wastes 
are discharged, after preliminary treatment, to 
the surface streams. Air that may become con- 
taminated by radioactive materials is ex- 
hausted to the atmosphere from several tall 
stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air monitoring 


Atmospheric contamination by radioactive 
materials occurring in the general environment 
of East Tennessee is monitored by two systems 
of monitoring stations. One system consists of 
eight stations which encircle the plant areas 
(figure 5) and provide data for evaluating the 
impact of all Oak Ridge operations on the im- 
mediate environment. A second system consists 
of seven stations encircling the Oak Ridge area 
at distances of from 12 to 75 miles (figure 6). 
This system provides data to aid in evaluating 
local conditions and to assist in determining 
the spread or dispersal of contamination should 
a major incident occur. 
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Figure 5. Remote air monitoring stations, Oak Ridge Area 


Sampling for radioactive particulates is car- active iodine is monitored in the immediate 
ried out by passing air continuously through a _— environment of the plant areas by passing air 
filter paper. Average concentrations are pre- through a cartridge containing activated char- 
sented in tables 11 and 12. Airborne radio- coal. 


Table 11. Long-lived gross beta particulate activity in air 
Oak Ridge area, July-December 1965 





Perimeter Number| Average Percent Perimeter Number, Average Percent 








stations of concentration| of AEC stations ts) concentration) of AEC 
(see figure 5) samples (pCi/m*) standard (see figure 6) samples (pCi/m*) standard 

26 0.08 0.08 26 0.08 0.08 

26 0.09 0.09 26 0.08 0.08 

26 0.07 0.07 26 0.09 0.09 

26 0.09 0.09 26 0.08 0.08 

26 0.09 0.09 25 0.09 0.09 

182 0.13 0.13 25 0.08 0.08 

26 0.07 0.07 26 0.08 0.08 

26 0.11 0.11 22 0.09 0.09 

0.09 0.09 0.08 0.08 


























Table 12. Long-lived gross alpha particulate activity in air 
Oak Ridge area, July-December 1965 























Perimeter Number| Average Percent Perimeter Number| Average Percent 

stations of concentration) of AEC stations | of concentration| of AEC 

(see figure 5) samples | (pCi/m') standard (see figure 6) samples | (pCi/m*) standard 
Sa 26 0.005 Cie 6 Geb ecncsac | 26 0.003 0.15 
aaa 26 0.008 0.40 | Bre@e.........- 26 0.003 0.15 
2 ees 26 0.005 0.25 | HP-§3.........- 26 0.003 0.15 
SS SRE 26 0.005 0.25 | HP-54.........- | 26 | 0.004 0.20 
BP-35.......... 26 0.010 0.50 | HP-66.......... 26 | 0.003 0.15 
J RRR 182 0.017 0.85 | HP-56........-. 26 | 0.002 0.10 
| SRE 26 0.005 0.90 | Beet wccnccnns 26 0.003 0.15 
Pe itacssukus 26 0.005 0.25 _ _ See | 22 0.005 | 0.25 
Average....-...- 0.008 0.40 | Average......-.-.- 0.003 0.15 

| i 
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Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located 
within a radius of 50 miles of ORNL. Samples 
are collected weekly at each of eight stations 
located on the fringe of the Oak Ridge Area. 
Four stations, located more remotely with 
respect to Oak Ridge Operations, are sampled 
at a rate of one station each week. The pur- 
pose of the milk sampling program is twofold: 
first, samples collected in the immediate vicin- 
ity of the Oak Ridge Area provide data by 
which one may evaluate possible exposure to 
the neighboring population resulting from 
waste releases from Oak Ridge operations; sec- 
ond, samples collected at the more remote sta- 
tions provide background data which are es- 
sential in establishing the proper index for the 
evaluation of data obtained from local samples. 
The concentrations of these radionuclides in 
raw milk are given in table 13. 


Table 13. Radionuclides in raw milk, Oak Ridge area 
July-December 1965 




















Concentration, pCi/liter 
Radionuclide and location 
Maximum | Minimum * Average 

Iodine-131 

Immediate environs- - -- -- -- 19 <10 6.1 

Remote environs..........- 15 <10 5.9 
Strontium-90 

Immediate environs-------- 50 6.3 23 

Remote environs.__..-.----- 33 17 23 

| 





* Minimum detectable concentration of iodine-131 is 10 pCi/liter. In 
averaging, one-half of this value, 5 pCi/liter, was used for all samples 
showing a concentration less than 10 pCi/liter. 


Water monitoring 


Large-volume, low-level liquid wastes origi- 
nating at ORNL are discharged, after some 
preliminary treatment, into the Tennessee 
River System by way of White Oak Creek and 
the Clinch River. Liquid wastes originating at 
the ORGDP and Y-12 Plant are uischarged to 
Poplar Creek and thence to the Clinch River. 
Releases are controlled so that resulting aver- 
age concentrations in the Clinch River comply 
with AEC standards. The radioactivity in 
White Oak Creek is measured, and values for 
the Clinch River are calculated on the basis of 
the dilution provided by the river. 
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Water samples are taken at a number of 
locations in the Clinch River, beginning at a 
point above the entry of wastes into the river 
and ending at Center’s Ferry near Kingston, 
Tennessee. Steam-gauging operations are car- 
ried on continuously by the U.S. Geological 
Survey to obtain dilution factors for calculating 
the probable concentrations of wastes in the 
river. 

Samples are analyzed for the long-lived beta 
emitters, uranium, and the transuranic alpha 
emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and hold up time in the waste effluent system 
are such that short-lived radionuclides are nor- 
mally not present. The averages are given in 
table 14. No uranium was detected in Clinch 
River water samples during this period. 


Table 14. Concentrations of major radionuclides in the 
Clinch River, July-December 1965 





Average concentration, pCi/liter 





Radionuclide Location on Clinch River * 

















Mile 41.5 Mile 20.8 > Mile 4.5 

(Upstream) (Outfall) (Downstream) 
Strontium-90__...........- 0.5 0.5 1.3 
CIC Se co deccScnccse 0.2 <0.1 0.3 
ee ee 0.5 0.3 1.0 
Ruthenium-106_..........- 3.2 4.2 6.1 
il aint beats ND 1.3 1.8 
Zirconium- nioblum- Epis ccoe ND <0.1 <0.1 
a eer 4.5 13 10 





® The location on Clinch River is given in terms of the distance upstream 
from the Tennessee River (see figure 6). 

> The concentrations at mile 20.8 are not measured directly but the values 
are calculated on the basis of levels of waste released and the dilution 
afforded by the river. 

ND, none was detected. 


Gamma measurements 


External gamma radiation levels are meas- 
ured monthly at a number of locations in the 
Oak Ridge Area. Measurements are taken with 
a Geiger-Mueller tube at a distance of 3 feet 
above the ground. The results are shown in 
table 15 in terms of mR/hr. 


Discussion of data 


The average air contamination level for gross 
beta activity, as shown by the continuous air 
monitoring filter data (table 11), for both the 
immediate and remote environs of the plants 
(figures 1 and 2) was less than 1 percent of 
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Table 15. External gamma radiation levels, Oak Ridge area 
July-December 1965 














Average 
Location dose rates 
(mR/hr) 

es ok a odbdisedabed> dnb badnsemehinnh 0.010 
SERS ES ae ee ee 0.010 
NS oon Sel es oo nbodbookeusedaat~ = 0.012 
SL oat oclkiwbeamensaenile 0.012 
OTE SNe nc citc comamnidnwscnndbbdasidewasnae 0.011 
Ne a iucieaihbodah a dintinnman ove 0.011 





the AEC standard for populations in the neigh- 
borhood of a controlled area. This value is 
approximately one-third of that for the first 
half of 1965 and is no higher than the average 
of those measured in other areas of the United 
States and reported by the U.S. Public Health 
Service Radiation Surveillance Network for 
this period. 

The average air contamination levels for 
gross alpha activity, as shown by the continu- 
ous air monitoring filter data (table 12), for 
the immediate and remote environs of the 
plants were 0.40 percent and 0.15 percent, re- 
spectively, of the AEC standard for natural 
uranium for application to populations in the 
neighborhood of a controlled area. 

The average concentration of iodine—131 in 
air in the immediate environs of the plants was 
0.11 pCi/m*. This is approximately 0.011 per- 
cent of the AEC standard for populations in 
the neighborhood of a controlled area. 

The average concentrations of iodine—131 
in raw milk in the immediate and remote en- 
virons of the Oak Ridge Area were 6.1 pCi/liter 
and 5.9 pCi/liter, respectively. These values 
fall within the limits of FRC Range I if one 
assumes the average intake per individual to 
be 1 liter of milk per day. 

The average concentration of strontium—90 
in raw milk for both the immediate and remote 
environs of the controlled area was 23 pCi/ 
liter. This level falls within FRC Range II for 
transient rates of daily intake of strontium-—90 
for application to the average of suitable sam- 
ples of an exposed population. 
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The calculated average concentration of 
radioactivity in the Clinch River at mile 20.8 
(the point of entry of most of the wastes) and 
the measured average concentration at mile 
4.5 (near Kingston, Tennessee) were 13 pCi/ 
liter and 10 pCi/liter, respectively. These 
values are 0.34 percent and 0.50 percent of the 
weighted average AEC standards. The aver- 
age concentration of transuranic alpha emitters 
in the Clinch River at mile 20.8 was 0.04 pCi/ 
liter which is approximately 0.001 percent of 
the weighted average AEC standard. 

The average activity of natural uranium 
materials in the Clinch River, reflecting the 
effects of all Oak Ridge plants, was less than 
0.01 percent of the AEC standard for uranium. 

The average external gamma radiation meas- 
ured in the town of Oak Ridge and at the perim- 
eter of the Oak Ridge Area was 0.011 mR/hr, 
which is approximately the same as that level 
measured in the early period prior to Oak 
Ridge operations. 


Conclusion 


Surveillance of the radioactivity in the Oak 
Ridge environs indicated that the major part 
of the radioactivity detected continues to be 
the result of fallout from weapons testing. 
While some low-level radioactivity is being 
released to the environment from plant opera- 
tions, the resulting concentrations in both the 
atmosphere and surface streams of the Oak 
Ridge environment are well below established 
AEC standards for the neighboring population. 


Previous coverage in Radiological Health 
Data and Reports: 








Period Issue 
1962 September 1963 
1963 July 1964 


January-June 1964 
July-December 1964 
January-June 1965 


January 1965 
July 1965 
January 1966 
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Section V. Technical Notes 


CESIUM-137 AND STRONTIUM-90 IN A DAIRYLAND ENVIRONMENT 


E. R. Wykes* 


A study was conducted during 1964 and 1965 
to obtain information concerning cesium—137 
and strontium-90 in milk, soil, root mat, and 
grasses or hay. The objective was to determine, 
in these media, (a) the relative abundance of 
these radionuclides, and (b) the ratios of 
cesium-137 to strontium-90. Five farms at 
the Elk River, Minnesota, milkshed were 
chosen for this study. The area concerned 
covers approximately 65 square miles, and it 
was assumed that no geographic variability of 
fallout distribution existed. Monitoring data 
indicate that controlled releases by the Rural 
Cooperative Power Association (RCPA) Elk 
River Reactor have not contributed detectable 
amounts of radioactivity to farms surrounding 
the reactor. General farming practices were 
similar among the farms; thus, variations that 
might be induced by different farming practices 
would be minimal. 

The locations of the five farms studied are 
shown in figure 1. Most of the area is covered 
by glacial deposits that are primarily loose 
sand and pebbles. Farm D is located on an old 
Mississipi River flood plain; but here, as else- 
where in the area, the topsoil contains a con- 
siderable amount of fine-to-medium-grained 
loose quartz sand. 

In choosing the farms, four topographical 
areas were considered: (a) level field, (b) low- 
land swamp, (c) upland uncultivated pasture, 
and (d) wooded area used for pasture. All of 





‘Mr. Wykes is supervisor, Radiation Control Unit, 
State of Minnesota Department of Health, Minneapolis, 
Minnesota 55440. 
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Figure 1.. Location of farms 


the farms in the study had at least two, and one 
farm had four, of these features. The charac- 
teristics of the individual farms are shown in 
table 1. 

Samples were collected during the 9-day 
period June 9 through June 17, 1964, and the 
1l-day period June 15 through June 25, 1965. 
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Table 1. Characteristics of five farms in the Elk River, Minnesota, milkshed 
























































Collec- ‘sha Daily 
Type of farm Geology tion Description Feed production Herd 
point (pounds) 
Summer 
Uncultivated pasture, Sandy, rocks and 1 Lowland swamp grass Silage, Corn fodder, ; 
A swamp, cultivated pebbles, small 2 Upland pasture grass Pasture 550 21 Holsteins 
fields quartz grains in 3 Lowland hay field Winter 
soil Corn, Oats, Hay, Meal 
f Summer 
Uncultivated pasture, 4 Upland pasture grass Screening, Silage, ' 
B swamp, cultivated Very sandy soil 5 Lowland swamp grass Pasture 100 35 Holsteins 
fields, woods 6 Upland alfalfa field Winter 
7 Upland forest area Screening, Silage, Hay, 
Concentrate 
¥ i) Lowland forest area Summer 
C | Cultivated fields, swamp, | Brown sandy soil 10 Lowland hay and alfalfa | Fay. Silage, Corn 950 32 Holsteins 
woods ta hay field Winter 
11 yomee ad Hay, Alfalfa, Corn 
4 Summer 
Level lowland, culti- River terrace, flood Lowland alfalfa field Hay. Grain, Screening J 
D vated fields, some plain, hard soil, 15 Lowland alfalfa field Winter 800 27 Holsteins 
. uncultivated land considerable 1 Lowland wooded area Silage, Corn, Hay, 
quartz Screening 
Summer 
Hilly pasture, culti- 12 Upland alfalfa field Pasture, Silage, Hay, 
E vated fields. 3-year- Rolling sandy hills 13 Upland pasture Concentrate 800 40 Jerseys 
old alfalfa fields 14 Lowland marsh area Winter 
Silage, Hay, Concentrate | 











Sampling procedures 


Milk. One-liter samples of raw milk were 
collected at each farm. These were analyzed for 
cesium-137 and iodine—131 in five samples col- 
lected in 1964, and for cesium-—137, iodine—-131, 
and strontium-90 in five samples collected in 
1965. 

Vegetation. The vegetation consisted of hay, 
alfalfa, and pasture grasses. Previous studies 
had indicated that hay contributed the bulk 
of cesium-137 and strontium-90 intake for 
cattle, with grain contributing only about one- 
tenth as much as hay (1). All grass and hay 
samples were from the first spring growth each 
year and were collected in the vicinity of the 
soil-sampling sites. The grass and hay samples 
were analyzed for cesium-137 and strontium- 
90. 

Soils. Sampling sites were selected on the 
basis of topography and undisturbed ground. 
Samples were collected only from permanent 
pastures and fields uncultivated for a minimum 
of 3 years. At each site, for each year, a total 
of five surface samples were taken from the 
corners and center of a 10-foot square, and 
combined into a composite sample. Subsurface 
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(2 to 6 inches below the surface) sample com- 
posites were also taken from the same square. 
All composited soil samples were analyzed for 
cesium-137 and strontium-90. 

Root mat. The 1964 root mat samples were 
taken after the vegetation was cut 1 inch above 
the ground, and consisted of plant root, plant 
stem, and some decayed vegetation that un- 
avoidably remained on the surface of the soil. 
However, the greater part of the sample con- 
sisted of the live roots of the vegetation. In 
1965, all plant stems and decayed vegetation 
were removed before root mat collection, and 
all the soil was separated from the samples by 
hand and by washing in the laboratory. The 
root mat was composited for each farm and 
analyzed for cesium-137 and strontium-90. 


Laboratory procedures and results 


Cesium-137 was determined by gamma spec- 
troscopy. Samples were counted at least 100 
minutes with a sodium iodide scintillation crys- 
tal and multichannel analyzer. 

Strontium-90 determinations were made by 
radiochemical procedures after suitable prep- 
aration of the various types of sample. 
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Table 2 shows the results of the cesium—137 
analyses in all media except milk. Table 3 
shows the results of strontium—90 analyses in 
the same media, and the cesium-137 to stron- 
tium-90 ratios for the averages of these media 
for all the farms. The concentrations of 


Table 2. Cesium-137 in root mat, grass, and soil from 
permanent pastures and fields, 1964 and 1965 





Concentrations in pCi/kg 


cesium-137, strontium-90, and iodine-131 in 
the milk samples are presented in table 4. 


Table 4. Radionuclides in raw milk from five 
Elk River farms, 1964 and 1965 


] ] 
Cesium-137 | Strontium-90 | 
(pCi/liter) | (pCi/liter) 
Collection point | 





Iodine-131 
(pCi/liter) 














| 
Grass Surface soil | Subsoii 


Collection point Root mat 





| 1964 1964 106 1965 nd hte iad 1965 




















BEAt o. | 
a | 3,000) 1,400/4, 100|2,300| 350) 120 
| eS rate 1,400|1,600/1,600/ 48) 30 
Reasctintotea 1300 5,600] '960| 850} 190) 140 
ere 6 , 200/15 ,000 | | 
, eR RAS 4,200] 4,600|1,600|1,300 50) 30 
21,000) 22, 000| 1 , 8002, 50) 40 
| EARLE 1; 400} 660| 640|1,600| 170) 140 
Tmndcmndeenete 2,600) 4,900) 490 30 
nee 4,200] 3,000 | 
_ Cape 1,100}  400)2,200/2,000/ 90) 30 
| SRS | 1,400} 460} 960/1,500| 240) 150 
_ RST: | 1,900 340|1,300/1,300| 360 150 
| 
a ee | 5, 800) 13,000] 
| ee 1,800) 1,400) 960; 950) 220 90 
_ RRR Te 2,300| 810) 690)1,100| 170, 250 
sx. boseeos | 2,800, 860 on 70; 10 
| ae | 4,400] 4,800 
Se aagibiabenges | 1,400, 530) 800)1, 400 240, 330 
Te re 4,200} 720)1,700/1,7 240} 120 
_ SSRRRRCRRIEEE | | | = 330|2, 1002, $00 _ 580) 2 
| 


Average... ...-.- | 5, im 8, 100) 3, 300) 2, sooli.e 400)1 1,500) 200) 13 


Table 3. Strontium-90 in root mat, grass, and soil from 
permanent pastures and fields, 1964 and 1965 








Concentrations in pCi/kh 





Surface soil | Subsoil 
1965 | 1964 | 1965 |19 1964 E 1965 


Collection point Root mat Grass 











1964 | 1965 | 1964 








| g | 
NY ae ee 3,30012,600 sx 
Retina itl warm intel |5,800}1,400)1,900} 880) 150) 250 
See | | |3,200 2,300) 640) 680) 10 71 
Dhacontncosusunes 1,400/1,200) 400 380) 160 94 
| Sa 3 ,700|5 ,600: | 
‘.. 3200/3 , 5001 000! 700 8 
6 ,800)3 ,300 240/1, 200 22 74 
2,000)2,300) 420) 720 66 74 
3,000/2,300) 150) 220 10 
| SCE 2,800)1 ,900 | 
9 1,100)1,300) 870) 990 66 52 
1,700|2,100| 630) 770 97; 120 
2,100)1 920} 590) 140) 110 
2,200/1,800| 540) 400 82 70 
3,100} 550) 510; 700) 100) 150 
1,300} 930) 440 50 28 63 
|) 2,600) 1, 900: 
Se 2,300'2,100} 480) 550 81, 130 
lich apd er tt atoll 4,200)1,600) 770) 500 60 70 





NE indeed ied 3 ,300/3 ,600)2,800)1,800, 650) 640 80 90 

















Ratio of averages 
WiCe/" Be... .....- 1.73} 2.25) 1.18] 1.56) 2.16) 2.34) 2.5) 1.33 
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| 1964 | 1965 | 1964 | 1965 June 17, June 24, 

| | | | 1964 "| 1965 

PER. KBE, Sai 
Oe | 150 | 63 | | 24 | ND | 11 
SN PSE ae 260 270 | No | 47 ND 14 
| ll Aree | 110} 97] anal-| 21 | 12 ND 
, | ae eres 4 | 150 | 100) yses 13 | ND 24 
4 aE 180 | 17| ND 11 
eee 170 | 120 | 24] 





ND, not detectable, or less than 10 pCi/liter. 


Conclusions 


In the dairyland area considered here, the 
root mat contained more of the fallout radio- 
nuclides cesium-137 and strontium-—90 per unit 
mass than did the other media studied. 

The ratio of cesium-137 to strontium-90 
between sample media varied between 1.18 and 
2.50. 
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REPORTED NUCLEAR DETONATIONS, AUGUST 1966 


One U.S. nuclear test at the Nevada Test Site 


mission in August 1966. This was a low-yield 
was announced by the Atomic Energy Com- 


test conducted underground on August 10. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


POLONIUM-210 IN TOBACCO, CIGARETTE SMOKE, AND SE- 
LECTED HUMAN ORGANS. E. Ferri and E. J. Baratta. Radiological 
Health Data and Reports, Vol. 7, September 1966, p. 485-488. 


By means of a “smoking machine” to simulate actual smoking, it was 
found that polonium-210 concentrations in inhaled tobacco smoke ac- 
counted for about 11 to 30 percent of that found in the total product, 
depending on the type of filter used. Analyses of human tissues indicated 
that the lung, blood, and liver, in that order, of smokers contained more 
polonium-210 than the corresponding organs of nonsmokers. 


KEY WORDS: blood, bone, cigarettes, heart, human tissues, lead-210, 
liver, lung, muscle, polonium-210, radionuclides, radium—226, smoking 
machine, spleen. 


MAINE’S EXPERIENCE WITH A STATE-OPERATED PERSON- 
NEL MONITORING PROGRAM FOR RADIATION WORKERS. J. W. 
Fuller. Radiological Health Data and Reports, Vol. 7, September 1966, 
pp. 489-492. 


In a 10-year program of monitoring exposures of radiation workers, 
Maine’s Department of Health and Welfare found increasing acceptance 
of its free film badge services. Results of findings are outlined. Examina- 
tion of over 5,000 film badges in 1965 indicated that exposure of the 
great majority of individuals was relatively low. Periodic radiological 
health surveys of installations that used independent film badge services 
indicated that no exposures to individual workers exceeded 100 milli- 
roentgens per week. 


J WORDS: exposure, film badge, Maine, radiation, radionuclides, 
-ray. 
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SYMBOLS, UNITS, AND EQUIVALENTS 











Symbols Units Equivalents 
BOT csi cdl billion electron volts. ......... equals GeV 
eam CDD. wi'coins Jannksus cada 3.7 X 101 dps 
Sn ake centimeter(s)................. 0.394 inch 
cpm. ..... counts per minute 
dpm ._.... disintegrations per minute 
Fis x. disintegrations per second 
OT acsionnd electron volts................. 1.6X10-” ergs 
G-.05..... gram(s) 

GOV « iiiwn giga electron volts. ........... 1.6 X10- ergs 

ES RECORD) 6 oc's cingicn dian ss « 1,000 g = 2.205 Ib 

oa Rechts square kilometer(s) 

RVG kilovolt peak 

PF ie cubic meter(s) 

WA Lue san milliampere(s) 

mCi/mi?_ _| millicuries per square mile. --_. 0.386 nCi per square 
meter (mCi/km?) 

MeV...... million (mega) electron volts...| 1.6<10- ergs 

Bs a5 kak milligram(s) 

TRE square mile(s) 

RAR milliliter(s) 

saci. as millimeter(s) 

nCi/m?__..| nanocuries per square meter__.| 2.59 mCi per square 
mile 

BGR. scateas picocurie(s).................. 10-!2 curie = 2.22 
dpm 

Bpichadee a roentgen 

Ee unit of absorbed radiation dose.| 100 ergs per gram 











INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 








Multi 
an Prefixes Symbols Pronunciations 
submultiples 
10 tera T tér' a 
10° a Mi nee 
mega ry 
108 kilo k ° 
10% hecto h hék’ to 
10 deka da d&k' a 
10-! eeci d dés’ i 
10-2 centi ro sén’ ti 
10-4 milli m mil’ i 
10-4 micro a mi’ kro 
ee nano n niin’ ° 
ico co 
10-4 ‘emto P Fema’ to 
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